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B-I-F Chronoflo Telemetering . . . infallible where others fail 
instantly, dependably records miles-away data at great 
savings in cost! 


@ Readings not affected by normal variations in line voltages, 
resistance, inductance, or ambient temperatures 


Power loss doesn't call for readjustment Saves time! 


FLOW TRANSMITTER 


Physical quantities measured directly in own terms .. . no 
time lag! 


Response is faster allows better control! 


@ Need for elaborate off-normal alarm equipment is eliminated 


big cost savings 


B-I-F has the know-how and experience in telemetering and 
remote control to help you operate more efficiently. Request 
Bulletin 230.20-2 for complete details compare this 

system with any other system! 


Industries 


BUILDERS-PROVIDENCE PROPORTIONEERS Me 


METERS « FEEDERS ¢ CONTROLS / CONTINUOUS PROCE ENGINEERING 


Write B-I-F Industries, Inc., 368 Harris Avenue, 
Providence 1, Rhode Island. 
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= CLOG-PROOF SHEARFUSER' DIFFUSERS 
. FOR CONTINUOUS DIGESTER MIXING 


Eliminates Equipment Removal for Servicing 


EXCLUSIVE BENEFITS OF SHEARFUSER DIFFUSERS 


Self-cleaning during gas flow. 


os SES @ Total digester contents mixed by installation 
on tank bottom. 


No interruption of digester operation. 
© Increased mixing rate from fine bubbles induced by 
Hydroshear action. 


CRP Accelerated Sludge Digestion System* 


pe Reduces tank volume required by high sludge loading rate. 
. Produces homogeneous sludge through continuous mixing. 


Hydrosheer action in Shearfuser gas dif- 7 
 fusers providing benefit of fine bubble | 
diffusion from clog-proof nozzle. 


Bog operating and specified installations of the CRP 
System* with “Chicago” gas mixing equipment since 1955 
prove its unparalleled acceptance . . . servicing cities from 
2000 to 250,000 population. 


*System license under U. S$. Patent No. 
2777815 and foreign patents available. 


Putting Ideas to Work 


FOOD MACHINERY AND CHEMICAL CORPORATION 
HYDRODYNAMICS DIVISION 


CHICAGO PUMP 
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Wichita 


air capital of the world, specifies P.F.T. 


Wichita, world’s largest producer of private and business 
aircraft and manufacturer of the famous eight-jet, swept-wing 
Boeing B-52’s of the Strategic Air Command, has 

specified modern, precision manufactured P.F.T. equipment 
for its sewage treatment plant. 


Underlying central Kansas are 1,000 square miles of 

water-saturated gravel beds, known as Equus Beds. This 
tremendous water source, forming, in effect, a subterranean 
lake, provides Wichita with 70 million gallons of water per 
day. As a part of its important pollution control program, this 

progressive city selected the following P.F.T. equipment. 


3 P.F.T. 100’ Floating Covers each equipped with P.F.T.-Pearth 
Gas Recirculation Systems, 3 P.F.T. #1000 Heaters and 
Heat Exchangers and one lot of P.F.T. Gas Safety equipment. 


P.F.T. is proud to share in the continued growth and 
development of Kansas’ largest city—Wichita. 


The Wichita Sewage Treatment Plant Designed by Black & Veatch, 
Consulting Engineers, Kansas City, Missouri. 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


PORT CHESTER, N.Y. © SAN MATEO, CALIF. «© CHARLOTTE, N.C. © JACKSONVILLE «© DENVER 
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STANDARD 
11th Epition 


NEW TITLE 


JOINTLY PRODUCED 


DETAILED COVERAGE 


NEW COVERAGE 


ORDER NOW 


USE THIS COUPON 


> 


Standard Methods for the Examination of 
Water and Wastewater. 


American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


Laboratory manual and reference of more 
than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 
wastewater. 


More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


Special price of $8 to members of any of the 
three sponsoring organizations if prepaid; 
without remittance, $10. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue, Washington 16, D. C. 


Publication: STANDARD METHODS FOR THE 

EXAMINATION OF WATER AND 
WASTEWATER, lith Edition. 
Enclosed is remittance for $ 


Federation Member Association 


If an invoice is necessary, postage will be added. 
Checks may be made payable to WPCF. 
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South Dakota Water Pollution Control Assn. 
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ORIFICE 
OR VENTURI 


ELECTRICALLY CONTROLLED CHLORINATION SYSTEMS 


The commands are electric. The operation is 
automatic. Engineered by Fischer & Porter... 
chlorination goes modern. 

Regulate chlorine feed rate precisely, automati- 
cally with electrical signals from program control- 
lers, multiple and step rate controllers, automatic 
proportioning controllers, remote controllers, mag- 


netic flowmeters, and residual analyzers. Don’t 
invest in any chlorination system until you check 
out Fischer & Porter Electrically Controlled Chlo- 
rination Systems. Fischer & Porter Company, 1151 
Fischer Road, Warminster, Pennsylvania. In Can- 
ada, write Fischer & Porter (Canada) Ltd., 2700 
Jane Street, Toronto. 


at —) FISCHER & PORTER COMPANY = CHLORINATION AND INSTRUMENTATION 
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MEMBER ASSOCIATIONS MEETINGS 


Association * Date Place 
Maryland-Delaware May 22-24 Commander Hotel, Ocean City, Md. 
Michigan May 31—June 2 Michigan State University, East Lansing 
Alabama June 5-7 University of Alabama, University 
New England June 7-8 Snow Inn, Harwichport, Mass. 

Central States June 7-9 Leland Hotel, Springfield, Il. 

lowa June 7-9 The New Inn, Okoboji 

Ohio June 14-16 Statler-Hilton Hotel, Cleveland 

ISP (England) June 19-23 Brighton, England 

Pennsylvania Aug. 9-11 Pennsylvania State University, State College 


New Zealand Aug. 28-29 Metro. Drain. Bd. Conf. Rm., Auckland, 
New Zealand 


Kentucky-Tennessee Sept. 11-13 Brown Hotel, Louisville, Ky. 

Germany Sept. 12-16 Hamburg, Germany 

Georgia Sept. 20-22 Georgia Institute of Technology, Atlanta 
South Dakota Sept. 22 Sheraton Hotel, Rapid City 

Missouri Oct. 1- Kentwood Arms Hotel, Springfield 
North Dakota Oct. j Gladstone Hotel, Jamestown 

Florida Oct. ; Cherry Plaza Hotel, Orlando 

Nebraska Nov. ¢ Hotel Lincoln, Lineoln 

North Carolina Nov. 13-1; George Vanderbilt Hotel, Ashevill 
Indiana Nov. 15-16 Hotel Washington, Indianapolis 


Oklahoma Nov. 27-Dee. Oklahoma State University, Stillwater 


* See preceding left-hand page for full name. 


THIRTY-FOURTH ANNUAL MEETING 


Water Pollution Control Federation 


Host—Central States Sewage and Industrial Wastes Association 
Milwaukee, Wisconsin 


Technical Meetings and Exhibits—Auditorium 
Hotel Headquarters—Schroeder 
October 8-12, 1961 
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INFILCO offers you 
applications that 


Write today for 
complete infor 
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SEWAGE P LANTS similar projects 
ee you Consulting Engineer. 
Whatever your need may 
- ------ ----+----- It will pay you to investigate. 
ation, 
D ES OUGHOUT THE UNITED STATES AND IN OTHER COUNTRIES 


Many sewage treatment plants can 
now get all the advantages of clarifi- 
cation and separate thickening facilities 
without the expense of adding a sludge 


thickening unit to the treatment system. 


New Eimco- Process Clari- Thickener 
treatment unit combines primary or 
secondary clarification and sludge thick- 
ening in a single multi-purpose unit. 
Sludge densities of 8 to 12 per cent solids 
are obtained. Clarification efficiency is 
excellent. Complete control of septicity 
is achieved. 

The Eimco- Process Clari-Thickener 
unit incorporates a separate thickening 
compartment within the clarification sec- 


tion for holding settled sludge 12 to 24 


Eimco-Process 


hours for thickening to maximum density. 

Septic conditions are prevented by the 
introduction of an oxidative liquid which 
forms a blanket zone over the thickening 
compartment during holding periods. 
This liquid displaces the liquid in the 
sludge, keeping solids fresh. The amount 
of oxidative liquid introduced can be 


adjusted to suit operating conditions. 


Find out how the Eimco-Process Clari- 
Thickener unit can help you get greatly 
improved treatment, economically. The 
Eimco- Process representative in your 
area will be glad to meet with you and 
your engineers. Call him. And write 
Eimco’s Process Engineers Division for 


new Bulletin SM-1018. 
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multi-purpose sewage treatment unit 


CHECK THESE CONSTRUCTION FACTS: AND THESE DESIGN FACTS: 

@ Heavy duty cast iron drive housing. @ Sludge is stirred, gently, to release a maxi- 

@ Hardened steel worms and bronze worm mum of water. 
gears; forged alloy steel pinions and heat @ Sturdy Thixo arms and blades provided for 
treated alloy steel main gears. thickening compartment; conventional raking 

@ All gears and bearings immersed in oil. mechanism for outer tank area. 

@ Clari-Thickener units are complete, include © Thickening compartment large enough to 
feedwell, walkway, weirs, baffles, aluminum permit holding settled sludge for intermittent 
skienmers. filter operation. 


ene ind Thixo are trademarks of The Eimco Corporation 


THE EIMCO CORPORATION Gus 


mie Process Engineers Division 
420 Peninsular Avenue, San Mateo, California 
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PERMANENTLY YOURS: CAST IRON PIPE 


Installed— 
it stays installed 


One thing sure about cast iron pipe— 
once it’s in the ground, it’s there for keeps! 
Over 100 American utilities, having used 
cast iron pipe steadily for more than a 
century, can testify to that. And modern 
cast iron pipe gives you greater assurance 
than ever: great beam strength resists 
heavy surface traffic; tremendous load 
resistance absorbs even the most forceful 
pressures. In fact, when you select cast 
iron pipe, you can anticipate no major 
repairs in your water supply system for 
the next hundred years! 


Cement-lined— it stays 
cement-lined 


A smooth coat of cement lining along the 
inner wall helps prevent the formation of 
flow-reducing particles. No matter how 
strong the water is, cast iron pipe always 
assures a free, steady flow. 


Joined —it stays joined 


Bottle-tight, rubber-ring joints give you 
leak-proof protection at the most vulner- 
able points of your system. Vibrations, 
surface traffic and washouts present no 
problems to cast iron pipe. Inherent 
ruggedness . . . built to perform under all 
adverse underground conditions... 
repair-free service for at least a century 
—all good reasons why your choice 
should be that of water utility experts 
everywhere. America’s greatest water 
carrier: cast iron pipe. 


Cast Iron Pipe Research Association, 
Thos. F. Wolfe, Managing Director, 
3440 Prudential Plaza, Chicago 1, Ill. 


CAST IRON PIPE 
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Waste incinerator heat 
dries sewage in combined plant 


at New Albany, Indiana 


Consulting Engineers: 
Consoer, Townsend & Associates, Chicago 

Contractors: 
Fruin-Coinon Contracting Company and C & C Construction 
Company (a joint venture), Fort Wayne, Indiana 


4 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 


% 
242a 
~ 
iy 
4 
& | 
i 
f 
7 
~ 
+ 
= 
> 
~ 
® ‘ 
3 
4 


JOURNAL WPCF 


New municipal plant teams up C-E Incinerator 
Stokers with C-E Raymond Flash Dryer System to 
dispose of mixed refuse and sewage sludge. 


The City of New Albany, Indiana, 
recently placed in operation a single 
plant which combines both mixed 
refuse and sewage sludge disposal 
functions. 

Heart of this 2-in-1 disposal system 
is the C-E Incinerator Stoker, which 
continuously burns the refuse it re- 
ceives from its self-sealing, non-clog- 
ging hopper. The refuse is reduced to 
a sterile, clinker-free ash suitable for 
use as sanitary land fill. 

“No cost” heat from the burning 
refuse is used to dry sewage sludge in 
the C-E Raymond Flash Dryer. No 
auxiliary fuel is needed to reduce sludge 


filter cake to 8 per cent moisture con- 
tent. The dried sludge is bagged for 
sale as a soil conditioner. When de- 
sired, any portion of the sewage sludge 
may be incinerated with the refuse. 
The New Albany plant contains two 
Incinerator-Dryer combination units. 
More and more communities — large 
and small — are looking into the many 
cost-saving possibilities of treating 
both refuse and sewage sludge at the 
same plant site. C-E specialists will be 
glad to discuss your requirements with 
you and your consultants. You are 
invited to write to your nearest C-E 
office. No obligation, of course. C.294A 


COMBUSTION ENGINEERING 


Raymond Division: 427 West Randolph Street, Chicago, III. 
New York Office: 200 Madison Avenue, New York 16, N. Y. 


Western Office: 615 So. Flower St., Los Angeles 17, Calif. 


CANADA: Combustion Engineering-Superheater Ltd. 


PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 
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Engineering & Research Corp. 
80 Pine Street, New York 5, New York 
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NICHOLS HERRESHOFF FURNACES 
LT 


COMPLETE DESTRUCTION—The Nichols system destroys all 
putrescible solids. 


CLEAN—AIl gases scrubbed before discharge to atmosphere 
complying with the most stringent air pollution requirements. 
Enclosed tubular conveyor eliminates spillage of sewage solids 
in disposal area. 


Furnace ash is sterile, inert, completely odor free; packs firmly, 
providing excellent fill material. 


SAFE—Since no chemicals are required, corrosive materials 


affecting equipment and personnel are eliminated. Least danger 
of explosion. 


COMPACT—A Nichols Package Process serving up to 10,000 
people requires an area about that of a two-car garage! 


ECONOMICAL—Low first cost. Operating savings: No chemicals, 


very low power, very low maintenance, little personal attention 
required. 


Undigested sludge is autocombustible. 
For complete details write for folder RP 100 and Catalog 238. 


3513 N. Hovey Street, Indianapolis 18, Ind. 


1336 North Carolan Ave., Burlingame, Calif. 
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you 
PATCH 


Some things can’t be 
patched, let's face it. 
Among them are a bond 
issue and a sewer line. 
If either fails, you start 
all over again—and 
that’s expensive. 


If your city puts inferior sewer 

pipe in the ground—and gases 

and acids ruin it—somebody’s got to dig 

it up and replace it. That costs you—the 

taxpayer—a whole lot more money than putting down lifetime pipe in the first place. 


Putting in an inferior sewer pipe is a real penny-wise, pound-foolish idea, anyway. The 
big cost of putting in a sewer line is tearing up streets and digging the ditch, NOT the 
pipe. Actually the pipe—the best, lifetime pipe—averages about only 12 percent of 
the cost of the job. 


Lifetime pipe is Vitrified Clay Pipe. It can save you untold tax dollars in the long run. 


No, you can’t patch a sewer line any more than you can a bond issue. But you can 
patch a hole in your money pocket—and the time to patch it is before you've lost a lot 
of money. That means demanding lifetime pipe—Vitrified Clay Pipe—for the next 
sewer line in your community. 


Public health is important. Your city may need to upgrade its sewer lines. 


Find out how by writing to: ~ 


A w 


NATIONAL CLAY PIPE MANUFACTURERS, INC COMPRESSION SEALED, VITRIFIED 


Q 
1028 ticut Ave., Washington, D. C. 
DE 
Please send me full details on the new factory- fay c 
made compression joints on Clay Pipe. rn f- . 


AWE STANDARD in SANITARY SEWERS 


(company) 


a NATIONAL CLAY PIPE 
Gt MANUFACTURERS, INC. 


1028 Connecticut Avenue, N.W. 
Washington 6, D.C. 
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How to protect your pipeline 
from too much or too little of it. 


1. Prevents water hammer: Type CCAV 
Controlled Closing Air Valve protects 
against damaging effects of surge and water 
hammer. Combines functions of an air inlet 
valve (vacuum breaker and a controlled 
closing unit (to prevent sudden water stop- 
page and subsequent water hammer). 4” 
and 6” sizes. Capacities from 575 to 5980 
gpm. Send for Bulletin 1225. 


2. Removes excess air: Type AGFD Auto- 
matic Air Release Valve prevents stoppages 
due to air-lock at high points in line. Has 
large discharge capacity, excess power to 
insure opening of the valve against high in- 
ternal pressure. Can be equipped to hold 
vacuum, preventing re-entry of air into 
pipeline through valve. Furnished with 2”, 
114” or 1” inlet diameter. Standard valve 
operates to 250 psig—special to 300 psig. 
For details, send for Bulletin 1206. 


3. Protects sewage pipelines: Type “B” 
Air Release Valve, special for lines carrying 
sewage or sludge, removes entrained air 
and gases. Special trap catches sludge, pre- 
vents fouling of air release valve. Relatively 
simple back-flushing cleans out this trap, 
maintains top efficiency and _ protection. 
Valve itself is same as Type AGFD. Details 
are in Bulletin 1206. 


4. Provides three functions: Type AV Air 
Release and Air Inlet Valve performs three 
operations, combines great protection and 
single-unit economy: (1) Automatically re- 
leases accumulated air, (2) admits air to 
break vacuum, and (3) vents pipeline to 
permit escape of air when filling system 
with water. Standard units operate to 150 
psi. For full details, send for Bulletin 1205. 


5. Breaks vacuums: Type VAC Air Inlet 
Valve solves twoserious pipeline problems: 
possible collapse of pipelines due to for- 
mation of vacuums—and stoppage of flow, 
caused by air binding when => are being 
filled. Standard units have 4” to 10” inlet 
diameters, can be assembled in groups to 
do the work of one large, expensive valve. 
For detailed information send for Bulletin 
1200. 


SIMPLEX 


VALVE AND METER COMPANY 


a division of PFAUDLER PERMUTIT INC. 
Lancaster, Pennsylvania 
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The Hardinge Rectangular-Type Clarifier is similar in operation to an 
industrial, overhead crane. It travels on two rails, on the outside walls of 
the settling tank, scraping settled solids to a sludge hopper at one end. A 
skimmer may be added to remove scum and floating material from the tank 
surface on the “return trip” of the Clarifier. 


Advantages of the Hardinge unit are these: 


(1) Settling tank installations may be made in limited space 
(as opposed to the circular type clarifier). 

(2) Maximum use of common wall construction is possible, 
when there are two or more tanks involved. 

(3) A single Clarifier mechanism can operate over two ad- 
jacent settling tanks (duplex arrangement) reducing equip- 
ment cost 

(4) Clarifier equipment cost does not increase with tank length. 

(5) All essential working parts are above liquid level. 


Hardinge has installed more than 80 Rectangular Clarifier units for munic- 
ipal sewage treatment, industrial water treatment, and for liquid wastes at 
paper plants, textile mills, and oil refineries—processing in excess of 350 
million gallons of liquid daily. 


Write for Bulletin 35-D- 16. 


NEW YORK 
TORONTO 
CHICAGO 
HIBBING 
SALT LAKE CITY 
SAN FRANCISCO 
HOUSTON 
LAKELAND 
BIRMINGHAM 
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| An entirely 
principle 
providing 

my Non-Slip Rod Drive! 


NO ROLLERS TO SCORE OR BURN 
ANOTHER 


Flexible” 


PAT. PENDING 


and is ideal for threading cable 


ni UniRodeR Model SUR-1 rods sewers 
for bucket machines 


% CAMS GRIP TIGHTER UNDER LOAD 


Revolutionary! Traveling cams 
3 8 Speeds Forward or Reverse 
push or pull the continuous pasate a8 


rod, rotating with it in either Positive Non-Slip Cam Drive 
direction. The heavier the load the tighter the cams : 
grip the rod. NO FRICTION ROLLERS TO SCORE OR Capacity up to 2000 ft. 
BURN. Exclusive Safety Overload Clutch protects pipe, 
machine and rod. Simplified mechanism and fewer Tool Box, 3 cu. ft. Capacity 
working parts mean le intenance than any oth 


Safety Overload Clutch 


Footage Meter 
Uses From “4 to %-in. Rod 


9 hp. with Self Starter 
415 S. Zangs Blvd., Dallas, Texas 
Factories: Los Angeles, Calif. and Lima, Ohio 
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This 17,500-gallon-per-day 


“Oxigest’” sewage treatment 
plant is equipped with two 
motor-driven blowers with 
variable speeds for control of 
the air supply and has a 
movable walkway across the 
tank for ready access to all 
parts of the treatment plant 


ACTUALLY, this is 2 

dual “Oxigest” installation 
in Kansas City North, Mo., serving a growing 
subdivision being developed by Bolling- Hausman 
Development Co., Kansas City, Mo. The plant 
was specified by Raymond W. Campbell & 
Associates, Merriam, Kansas. 


It is a good example of units being installed in 
parallel, as needed, to serve an expanding 
residential area. The unit on the left was 
installed in the spring of 1960 . . . the other 
unit, late last fall. 


Write for engineering data: Address Dept. Bee ESE 


P.O. BOX 8884 KANSAS CITY 15, MISSOURI PLANT: LENEXA, KANSAS 
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SMOOTH PERFORMANCE 
EASY MAINTENANCE 
¢ HIGH CAPACITIES 


Type OJ Horizontally Split 
Single Stage Double Suc- 
tion. Bulletin 105-B. 


Type AJ Diag- 
onally Split 


Two Stage 
Type AJ Horizontally Split Two Stage Op- 


posed Suction. Bulletin 106-B. Bulletin 106-DS 


@ Smooth, dependable performance and long life is assured with streamlined liquid 
flow, scientifically balanced impellers, perfect alignment, large shaft sizes, short bearing 
centers and low NPSH 


e@ Maintenance is fast and easy ... both suction and discharge are on bottom half 
of case... piping and motor-pump alignment is never disturbed. 


@ Capacities to 600 GPM ... Heads to 600 feet. 


IDEAL FOR: Water Service ¢ Boiler Feed ¢ Circulating ¢ Cooling 
Tower ¢ Pressure Build-Up ¢ Fuel Transfer e Boosting to Pressure or 
Elevated Tanks « Many General Applications. 


FOR COMPLETE INFORMATION WRITE—OR CALL 


® 
THE NEW YORK AIR BRAKE COMPANY N 


1190 LOUCKS ° AURORA, ILLINOIS 
LOCAL DISTRIBUTOR IS LISTED IN THE YELLOW PAGES OF YOUR PHONE BOOK 


x | 
AURORA*® | 
AD 
a 
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sident and Treasurer, and R. H. Webb, Foreman, of the Van Orden Come 
Pany, Contractors, of Grand Rapids, M pervise the installation of ‘“‘K&M’’® Asbest ment Sewer Pipe at Paw-Paw, Mich, 
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10,000 FT. OF SEWER PIPE LAID 
...Not enough infiltration to measure 


**The ease of handling and assembly saved us 
dollars and time! Construction of the Paw- 
Paw trunk sanitary sewer called for instal- 
lation of pipe at depths up to 19 feet, where 
water table was at 10 feet. Infiltration had 
been the major problem in other sewer 
installations in the area. We solved this 
problem by using“*K&M” Asbestos-Cement 
Sewer Pipe with its FLUID-TITE joint. 
With 10,000 feet of sewer in, we haven’t 
had enough infiltration to measure. 


“The longer laying lengths and the speed 
with which a joint can be made are definite 
time-saving factors, which have added to 
our production. Less time spent grading 
pipe and handling material means dol- 
lars saved.” 


Rigorous tests prove “K&M” Asbestos- 
Cement Sewer Pipe is infiltration-tight at 


25 psi... a pressure equivalent to that of a 
58-foot head of water. 


“*K&M” Asbestos-Cement Sewer Pipe won’t 
rust, rot or corrode. Its smooth bore re- 
mains clean, permanently. Flatter grades 
are possible. Fewer lift stations are required. 


Maintenance-wise, the village of Paw-Paw, 
Mich., will enjoy tax savings. “K&M” 
Asbestos-Cement Sewer Pipe is practically 
indestructible. Requires fewer inspections, 
because root growths do not penetrate the 
exclusive FLUID-TITE coupling. 


Write today for more information on 
“K&M” Asbestos-Cement Sewer Pipe to: 
Keasbey & Matti- 
son Company, 


Dept. 


Keasbey Mattison at Amibiler 


Light weight reduces shipping and handling costs... 
saves on installation time. At the same time, there’s a 
minimum of wastage and breakage on the jobs, with 
tough “K&M” Asbestos Cement Sewer Pipe. 


Two-step assembly ! Lubricate the tapered end of “K&M” 
Asbestos-Cement Sewer Pipe, then slide it into the 
exclusive, patented “K&M” FLUID-TITE® Coupling. 
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Why Trickling Filters Succeed 
for SEWAGE and WASTES TREATMENT 


Nearly 1,000 new trickling filters went into 
service between 1945 and 1957. The building- 
pace continues unabated. This is a direct re- 
flection of their economy in construction and 


DICKEY 
nee efficiency in operation. For many of these 


‘onsos City 6, Mo. 


filters are working as well today as when first 
built, even those thirty and more years old. 
Costly remodeling and rebuilding have been 
avoided. And no other type is easier to add to 
if growth exceeds your original estimate. 


TRANSLOT 


Texos Vitrified Pipe Ce. 
Mineral Wells, Texos 


The most vital part of a trickling filter is its 
underdrain system. When it is of TFFI specifi- 
cations vitrified clay blocks life-time, trouble- 
free service is assured. Specify in accordance 
with ASTM Specifications C 159-59T and you 
are safe for years to come. 


TFFI Specification clay blocks not only serve 
right, they are made right—in modern plants 
under manufacturing controls of quality that 
substitute materials cannot even approach. 
(Only with TFFI blocks do you get a 50-Year 
Guarantee.) 


Pomeno Terra-Cotta Co. 
Pemons, Ne Cor. 


DEMAND CERTIFIED UNDERDRAIN BLOCK 


Vitrified Clay Block manufactured by TRICK- 
LING FILTER FLOOR INSTITUTE members 
and tested by the Materials Testing Laboratory 
of Rose Polytechnic Institute comply with or Z 
exceed ASTM Specification C 159-59T. 


Natco Corporation 
Pittsburgh 22, Po. 


FOR FULL 
DATA WRITE ARMCRE 


TRANSLOT 
Ayer- 
NEAREST MEMBER. 


The Trickling Filter Floor Institute 
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Owner: 
Monroeville, Ohio 


Engineers: 
Finkbeiner, Pettis & Strout 
Toledo, Ohio 


Design Flow: 
0.20 MGD 
Lakeside Equipment: 

1 — 24’-0” Spiragester 


SPIRAGESTERS are used singly for projects 
under 6000 P.E. They give superior results with 
the minimum of operating skill. Construction and 
operating costs are among the lowest. Plant ex- 
pansion available by adding another Spiragester 
or easily converting the tank to a digester. Spira- 
gesters are now installed throughout the U.S. Also 
Canada and foreign countries. At Monroeville only ENGINEERING. cor TION 


primary treatment is required. A low over-all cost . 29 ws 
est Adams St., Chicago 6, Illinois 
was possible with the clarifier and digester com- 


bined in the Spiragester. Write for plant costs and 
booklet GIL-2 “The Spiragester Story. 
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For rugged, 
dependable 
economy 
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When It Leaves On “The 3:01, 


Your Armco Gate 
ls Ready To Install 


Big or small, every Armco Sluice Gate is completely 
assembled and adjusted before it leaves for your job 
site. It arrives as a self-contained unit, and can be 
quickly mounted by an inexperienced crew with proper 
supervision. There’s no need for high-cost, specialized 
labor. Detailed instructions for final adjustment are in- 
cluded with every gate. 

Low installation cost is just one of the advantages you 
get with rugged, watertight Armco Gates. Write Armco 
Drainage & Metal Products, Inc., 5801 Curtis Street, 
Middletown, Ohio, for the latest catalog. 


ARMCO Drainage & Metal Products 
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Activated Sludge Thickened 


to 4 of (and more) 


with Rex Float-Treat 


This remarkable thickening rate was obtained with two 
Rex Float-Treat Thickeners installed in two pilot unit 
tanks, 13'4” wide by 60’ long, at the Bay Park Treatment 
Plant, Nassau County, N. Y. 

In fact, runs of substantial duration resulted in solids 
concentration greater than 5%—far exceeding the per- 
formance of the existing conventional gravity system. 
As a result of this performance record, six additional 
Rex Float-Treat Thickeners were purchased. 
INCREASED CAPACITY...LOWER Thicken- 
ing with Rex Float-Treat Thickeners, as compared to 
gravity-type systems, produces much denser sludge con- 
centrations, with far greater loadings. This results in two 
important advantages: 1. thickener tanks can now be 
much smaller; 2. with greater sludge concentration, over- 
loaded sludge disposal facilities are relieved—or new 
facilities can be smaller. 


EFFICIENT OPERATION. With Rex Float-Treat Thick- 
eners, millions of tiny air bubbles float solids to the tank 


surface, forming a highly concentrated sludge blanket. 
Skimmers move the thickened sludge to the end of the 
tank for disposal. 

The Rex Float-Treat employs many unique features, 
including: thorough blending of an air-charged stream 
and raw sludge feed; positive distribution of solids-flow 
into the tank; two zones within the tank for more efficient 
flotation separation and sludge concentration; and gener- 
ous sludge removal capacity. Air flotation thickeners with 
Rex Float-Treat permit classification into floatable or- 
ganic solids and settleable inorganic solids. 

For complete information, write CHAIN Belt Com- 
pany, 4606 W. Greenfield Ave., Milwaukee 1, Wis. 


® 


CHAIN BELT COMPANY 


§ Rex Float-Treat Thickeners, Bay Park Sewage 
Treatment Plant, Nassau County, Long Island. 
Consulting Engineers, Greeley and Hansen. 
Plant Superintendent, August! Zoeller. 
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META GB SULFITE 
FEEDER 


How many of these water and waste 
treatment ideas can you use profitably? 


From water source to waste disposal this 
new system now serving the Electro-Me- 
chanical Research Company, Sarasota, 
Florida, is packed with ideas that can help 
you solve similar problems—and each idea 
was brought to reality with equipment sup- 
plied by Permutit. 

1. Well-water treatment (upper left in dia- 
gram) handles a minimum flow of 160 gal- 
lons per minute from a well field—84 gal- 
lons for industrial cooling, 10 gallons for 
plating rinse make-up, and the balance for 
potable use. All this raw water is degasified 
and treated in a Permutit equipment system. 
2. Cooling water undergoes further treat- 
ment (top right) for reduction of carbon- 
ate and bicarbonate alkalinity, by means of 
a Permutit® Precipitator and acid feeder. 
3. Plating room rinse-water demineraliz- 
ing (center and lower right). A complete 
Permutit system saves water, saves heat, 
treats regenerant wastes, and provides high- 
quality demineralized water for plating 
rinse. Make-up and plating rinse water is 


PFAUDLER PERMUTIT inc. 


Specialists in FLUIDICS . . . the science of fluid processes 


processed through an anthracite filter to 
remove suspended solids, a Carbo-Dur fil- 
ter to remove organics, a Permutit Q-H 
cation exchanger, and a Permutit S-2 anion 
exchanger. This demineralized water is then 
ready for use. After plating rinse opera- 
tions, water is recycled, treated and re-used. 
Wastes—including cyanide rinses, regener- 
ants, and others—are batch treated. 


4. Sanitary waste treatment (lower left) 
was designed to handle 20,000 gallons per 
day, treating them first in an Imhoff tank, 
followed by high-rate bio-filtration, second- 
ary clarification and chlorination. 

The entire system was engineered by 
Smally, Wellford and Nalven, Sarasota, 
Florida. We can cooperate with your engi- 
neering consultants to help you obtain 
similar results. Talk it over with them, or 
write for our Bulletin 4433, “Water Treat- 
ment Equipment,” and/or Bulletin 4486, 
“Equipment for Treating Industrial Wastes.” 

Permutit Division, Dept. JW-51, 50 
West 44th Street, New York 36, New York. 


*FLUIDICS is the Pfaudler 
Permutit program that inte- 
grates knowledge, equipment 
and experience in solving 
problems involving fluids. 
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Marlow plunger type pumps are self-priming 
with suction lifts up to 20 feet and more. 


Guaranteed quantity for each cycle permits 
Marlow Plunger Pumps to double as metering 
unit... simplifies operating cycle of treatment 
plant. 


Much higher pressures can be developed from 
Marlow Plunger Pumps than from any other type 
of pump. They are suitable for applications in- 
volving low heads, high pressure or multiple per- 
formance requirements. 


Marto 


PUMPS 
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why... 


MARLOW PLUNGER PUMPS 
HANDLE SLUDGE BETTER! 


Marlow’s variable eccentric permits adjustment 
of stroke to alter pump capacity, no need for 
variable speed motors or speed changing de- 
vices. 


Marlow Plunger Pumps can develop higher pres- 
sures intermittently, when needed, to clean par- 
tially clogged lines. No need for time consuming 
manual cleaning. 


Large open areas of pump bodies and ball-valve 
chambers reduce chances of clogging. Acces- 
sible valve chambers reduce down-time of pump 
should valve assembly clog. 


MARLOW PUMPS 


DIVISION OF BELL & GOSSETT COMPANY 


MIDLAND PARK, NEW JERSEY 


Morton Grove, Illinois * Longview, Texas 
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SPIROVORTEX SYSTEM 
FOR CHECOTAH, OKLA. 


Another new development in Activated Sludge Treatment 


The sewage treatment plant shown above was placed in operation 
last year to serve a population of 3,500 in a recreational and 
agricultural area. It utilizes the Dorr-Oliver SpiroVortex System, 
providing B.O.D. removal in excess of 90% with low overall oper- 
ating costs, simple control and capability for effective handling 
of widely varying loads. 

Units comprise a 30’ dia. Dorr Clarigester, two 24’ dia. Spiro- 
Vortex tanks providing rapid and thorough mixing by a spiraling 
action, one 26’ dia. Superate Filter giving highly efficient aeration 
and filtering, and a 24’ dia. Dorr Final Clarifier. 

For information on the operation of the SpiroVortex System, 
write for Bulletin 7314 to Dorr-Oliver Incorporated, Stamford, 
Connecticut. 

Consulting Engineers: Collins & Flood, McAlester, Okla. and Ardmore, Okla. 
General Contractor: Bell Construction Company, Okmulgee, Okla. 


DORR-OLIVER. 


al WORLD-WIDE RESEARCH ¢ ENGINEERING * EQUIPMENT 
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A REVIEW OF THE LITERATURE OF 1960 
ON WASTEWATER AND WATER 
POLLUTION CONTROL 


Anions 


A silver-silver sulfide electrode cou- 
pled with a glass electrode makes pos- 
sible a potentiometric titration of sul- 
fide and mereaptan ions in solution ae- 
cording to Tamele ef al. (47). The 
sulfides and mercaptans are precipi- 
tated with silver until no further 
changes are observed in current flow. 
Plotting the results permits differentia- 
tion of the sulfides and mereaptans. 

In the colorimetric determination of 
phenols in wastewater sulfides must be 
removed to prevent reaction with fer- 
ricyanide. The sulfides may be re- 
moved with silver according to Gordon 
(11 ); an exXcess of chloride ions pre- 
vents the presence of an excess of the 


The authors com prise the Research Com- 
mittee of the Water Pollution Control Fed 
eration. 

This section of the Literature Review 
covers analytical methods and s¢ wade. It will 
be followed by two other sections dealing 
with industrial wastes (including radioac 
tivity) and stream pollution. These will be 
published in the June and July issues of the 
Journal. 


H. Heukelekian, Chairman, R. M. Manganelli, Vice-Chairman, 
T. A. Alspaugh, E. J. Berg, H. F. Clark, C. H. Connell, W. E. 
Dobbins, G. P. Edwards, M. B. Ettinger, D. G. Foulke, T. deS. 
Furman, P. E. Gaffney, !. Gellman, H. G. Harding, J. D. Helwig, 
R. D. Hoak, R. S. Ingols, W. M. Ingram, P. W. Kabler, M. Katz, 
F. W. Kittrell, N. J. Lardieri, H. G. Luley, P. H. McGauhey, 
R. Porges, A. J. Steffen, C. Straub, C. M. Tarzwell, G. H. 
Teletzke, W. W. Towne, H. A. Trebler, E. C. Tsivoglou, E. 
Weisberg, and R. L. Woodward 


ANALYTICAL METHODS 
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silver which reacts first to form the 
less soluble sulfide. 

Chromatographie separation and par- 
tial identification of volatile acids have 
been reported by two laboratories. 
Mueller et al. (31) have studied river 
waters where it is necessary to evapo- 
rate the samples to dryness at a high 
pH and then use ether extraction of 
the residues. Column partitioning as 
well as paper chromatography are 
used. Buswell et al. (4) have de- 
seribed the technique for a quick check 
on the volatile acids in digesting mix- 
tures. The concentrations of volatile 
acids can be approximated by the in- 
tensity of a spot while the distance 
traveled permits tentative identifica- 
tion of the acid. 

The determination of the total con- 
centration of the iodide, cyanide, and 
sulfide ions can be obtained at pH 6 by 
adding an excess of mercuric nitrate 
according to Hoffmann (18). The ex- 
cess of mercury is determined by add- 
ing one drop of one-per cent diphenyl- 
carbazone solution. In a second tube 
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the buffer and indicator are titrated to 
a matching color intensity with a mer- 
curie nitrate solution. 

The determination of dihydrie phe- 


nols, resoreinol, is carried out with 
catechol and iodine. By extracting the 
color with butanol Lure’s and Niko- 
laeva (27) have inereased the sensi- 


tivity of the test over the absorbency 
in a water acetone mixture. 


Additional Reference 


Modie, R., ‘‘Quick and Simple Methods for 
Determining Phenol in Industrial Waste 
Waters.’’ Technika, 14, 2008e (1959 


Biochemical Oxygen Demand 


The search for a means of recording 
oxygen uptake during a normal incuba- 
tion period has been solved by Clark 
(6). The BOD is measured in a large 
reaction with oxygen 
equilibrium with the culture medium. 
The changes in gas pressure resulting 
from oxygen uptake are transposed to 
a variable electrical current which ean 
The pressure transducer 


vessel vas in 


be recorded. 
is a common item in the electrical engi- 
neer’s tools and thus provides a means 
of evaluating and recording the oxygen 
demand in equipment like the direct 
reading, Warburg respirometer. 

In comparisons between manometric 
and 5-day dilution BOD values, Dill- 
ingham and Jose (8) have found that 
18-hr manometric results 
correlation with the 5-day values by 
either the manometric or by the dilu- 
tion techniques. These results 
obtained with paper mill wastes over a 
wide range in concentration. 


show 


were 


Two articles presented mathematical 
techniques for calculating the ultimate 
first-stage demand and the rate of the 
biological activity. Sheehy (41) 
sents two different graphical approaches 
while Navone (32) uses another graph- 
ical procedure to handle daily BOD 
data. 


pre- 


Chemical Oxygen Demand 
The University of California Sani- 
tary Engineering Laboratory (49) has 
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modified the chromate COD to shorten 
the time required for analysis. 

Because many think that the COD 
should determine only the organie mat- 
ter, nitrites may be considered as an 
interference. Thus, Subrahmanyam et 
al, (46) have suggested the addition of 
a few erystals of sulfamie acid as a 
means of removing nitrites before add- 
ing the chromate reagent in determin- 
ing the COD. 

Henningan and Nemerow (16 
gest a new approach to sewage analysis. 
A solvent would be chosen to extract 
some of the organic matter from the 
sewage and the residue of the solvent 
solution weighed. The concept of ex- 
traction differs from the idea of total 
oxidation by the dichromate COD in 
that the solvent should extract only the 
biologically matter 
while the total oxidation shows no dif- 
ferentiation 
able matter. 


sug- 


available organie 


between inert and avyail- 


Cyanide 


Because of the extreme toxicity of 
eyanide the analytical procedures for 
this compound 
viewed. Brin (3 
of chloroform instead of butanol speeds 


are continuously re- 
reports that the use 


the process of getting results. The 
aqueous solution is added to the cuvette 
and chloroform is added which ean 


extract the color. Transmission of the 
light through the underlying chloro- 
form layer is measured directly. Using 
a new analytical tool, Hetman (17) 
describes the determination of cyanide 
High 
concentrations of chloride do not inter- 
fere. The presence of sulfide and free 
chlorine or bromine do interfere. The 
method is both sensitive and precise. 
The differentiation of toxie from non- 
toxic forms of cyanide has been studied 
by Russell and Wilkinson (38 The 
cyanide is separated from the cyanate, 
ferrocyanide, and 
distillation step. The ferricyanide and 


by the cathode ray polarograph. 


ferricyanide by a 


ferrocyanide are sequestered by a zine 
salt. 


A refinement of the tartaric acid 


: 
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procedure for separating cyanides has 
been recommended by Schlichting (40). 
Care must be used to maintain pH 4 
to 5 in order to exclude the effects of 
high salt concentrations. 


Dissolved Oxygen 


Ridley et al. (37) describe a colori- 
metric titrimetric recorder which de- 
termines the dissolved oxygen in an 
aliquot of river sample or aeration tank 
every five minutes. Winkler DO re- 
agents are injected into the sample and 
mixed: an exeess of thiosulfate is 
added. <A back titration of the thio- 
sulfate with a standard iodate solution 
provides a DO value which is recorded. 
The instrument has been used success- 
fully in studies of the Thames.  La- 
Mont and Gordon (25) have used a 
similar means of injecting reagents to 
liberate iodine, but have used a eolor- 
imeter for directly recording the iodine 
concentration variations. 

In Germany, Stracke and Keefer’s 
(45) continuous measurement of dis- 
solved oxygen in aeration tanks has 
been accomplished polarographically 
with a pair of metal electrodes. The 
noble metal is the cathode or measuring 
electrode. The electrodes are cylinders 
and rotate at a constant speed and are 
cleaned by the scraping of a metal 
block similar to the arrangement of the 
brushes against the armature of an 
electric motor. The electrodes are kept 
in a stream of sample which is first 
screened and then pumped to the elee- 
trode chamber. 

In a comparison of three procedures 
Okura ef al. (33) have studied the 
Winkler, Miller, and  polarographie 
techniques. The dropping mereury 
electrode gives higher DO values in 
three industrial wastes studied when 
the instrument had been calibrated on 
pure water and is considered more 
accurate. In contrast with this favor- 
able report on the dropping mereury 
electrode, Maney and Okun (28) re- 
port that the various types of synthetie 
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detergents have a heavy but variable 
interfering effect on the DO values. 
Anionic detergents interfere with the 
oxygen determination at the lower volt- 
age wave, cationic detergents interfere 
with the determinations at the second 
voltage wave (inerease in current at 
the higher voltage). The nonionic de- 
tergents interfere at all points. Klima 
(23) diseusses the polarographic de- 
termination of dissolved oxygen in in- 
dustrial wastes. 

In a different technique, James and 
Stephen (20) have an _ electro-deter- 
mination based on the electrolytie pro- 
duction of the chromous ion and the 
voltaic record of the amount needed to 
produce an excess of this easily oxi- 
dized ion. In this technique aliquots 
are introduced into the electrolysis 
chamber and the chromic ion injected. 
The quantity of electric current  re- 
quired to produce an excess of chromous 
ion is recorded. 

secause the amperometric titration 
for chlorine readily determines iodine, 
Goldman and Dietz (10) have sug- 
gested this procedure for measuring 
the iodine concentration in the last step 
of the Winkler technique. 

Because the new Jarrell-Ash instru- 
ment for determining dissolved oxygen 
depends on the per cent saturation for 
reporting DO, correct saturation values 
are highly important. Elmore and 
Hayes (9) have reported on values for 
saturation from 0° to 30 


General 


The need for identification of the 
source of the oily or tarry material 
found in the ocean and on the beaches 
near Los Angeles provided the stimulus 
to characterize the seeps (44). Crude 
oils and distillation residues were ana- 
lyzed by infrared chromatog- 
raphy. The data indicate that the 
seeps are natural in origin and inter- 
mediate in ‘‘age’’ between mud and 
crude oil. 


The need for an instrumental evalua- 


: 
| 
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tion of the color intensity and purity 
of hue in a polluted stream led Small 
wood and Fortune (43) to study the 
factors which would yield good correla- 
tions with the instrumental observa- 
tions and those of the human eye. The 
field trials showed that both the depth 
of water, the bottom color as well as the 
stream environment, correlated 
by the observer while not included by 
the instrument. 

The Russian rivers, Volga and Oka, 
have been studied for their hydrobio 
logical indexes of pollution and self- 
purification. Mergasova (29) has iden- 
tified various fungi and protozoa. 

In a discussion of the basie prin- 
ciples involved in ORP measurements, 
Kehoe and Jones (22) indicate that 
present instruments can evaluate the 
conditions in certain treatment 
processes. The value 
cates the ratio the oxidized 
and the reduced form of a reversible 
system. When the chemical pair is not 
reversible, and/or when several systems 


were 


waste 
numerical indi- 


between 


are present simultaneously, the value 
obtained must be carefully considered 

Because the analysis of a gaseous by- 
product frequently is a guide in the 
more intelligent operation of waste 
treatment and the 
classical techniques of gas analysis are 


processes, because 
cumbersome and time-consuming, it is 
helpful to see that Grune et al. (13 
have found a technique for rapid 
analysis. The gas chromatograph pro- 
vides rapid identification and percent- 
age composition of digester gas. The 
the opti 
amount of air 
needed for the aeration process of ae- 
tivated sludge (by finding the maxi- 
mum carbon dioxide content 

The development of a rapid, simul- 
taneous technique for the determina- 
tion of water and fat in biological ma- 
terials has been described by Wistreich 
et al. (51). 


fas 


proeess can also indicate 


mum (most economical 


The semi-solid sample is 


placed in a soxhlet thimble and im- 
mersed in a fat solvent in a special 


flask. 


The water is evaporated and 
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collected 
cone while fat dissolves in the solvent. 
The fat 
tared 
removed 


separately in a graduated 
transferred to a 
the 
flask 


solution is 
distilling flask and 
increment in 
equals the fat. 

The differential determination of 
chlorinated solvents in industrial wastes 
can be difficult. Deyl and Effenberger 
(7) recommend the degradation of the 


solvent 
weight 


solvent by nitric and persulfurie acids. 
The hydrochloric acid is distilled off 
into a mild basie solution and the hypo 
chlorite ion determined potentiometri- 
cally. 

Because the determination of sugar 
uses the reduction of mild oxidizing re- 
agents, the color developed may not be 
specific, but it may be very helpful in 
detecting serious carry-over into river 
water used for condensing the stream 
Baum (1 
the instrument which takes a sample 


from an ejector. deseribes 
periodically from the stream, adds re- 
agents, and notes the color intensity. 
The plant has an instrument on the 
river water and the condensed water to 
the loss and stream 


determine 


load. 


sugar 


Additional Reference 


Dyatlovitskaya, F. G ‘Determination of 


Pyridine Bases in Industrial Effluents.’’ 


Gigiena i San. (USSR), 25, 6. 51 (1960 


Metals 


Kroner et al. (24) reported on the 
accuracy in determining iron, copper, 
manganese, aluminum, cadmium, lead, 
chromium, and zine by several labora- 
tories. The present methods for alumi- 
num and cadmium were found unsatis- 
factory. 

The analysis of metal-bearing in- 
dustrial many important 
metals is very time-consuming. 
Porter ef al. (35 
graphie scanning of 
ples to learn the 
tration of the specifie metal as well as 
the identity and concentration of any 
interfering metal The article 


wastes for 
Thus, 
have tried polaro- 
metal waste sam- 


approximate conecen- 


ions. 


ag 
x 
“4 
: 
“a 
3 | 
: 
: 
: 
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includes a discussion of difficulties and 
advantages. 

Shull (42) has reported that fluoride 
and polyphosphate interfere in the 
aluminon method for aluminum. The 
polyphosphates are destroyed during 
evaporation of the sample to dryness to 
remove the fluorides. The fluorides are 
The 
color is temperature dependent and pH 
sensitive. 


removed as silicon tetrafluoride. 


A new colorimetric determination for 
determining 
chromium is Halliwell 
(14 The oxidizing capacity of the 
chromate is used with a stable cadmium 
The starch iodine 
blue gives a reproducible intensity for 


hexavalent chromate ) 


deseribed by 


iodo-starch reagent. 


colorimetric evaluation 

The determination of copper without 
interference metal ions 
highly desirable. 

report that 2-2’ 
used for copper 
without interference from iron, nickel, 
or zine, 

The differential determination of fer- 
rous and 


from other 
would frequently be 
Tuek and Osborn (48 


hiquinoline can be 


ferric iron requires more 
study according to Lee and Stumm 
(26 reagent 
yields more stable colors than the re- 
agent of the ninth and tenth editions 
of ‘*Standard Methods.’’ The ferrous 
compound with the bathophenanthro- 
line ean be extracted into a non-polar 


sathophenanthroline 


solvent for greater stability and, or sen- 
sitivity. 

determined in in- 
dustrial brine solutions with the drop- 
ping mereury 


Mercury may be 


electrode according to 


Grandi and Salvagnini (12 The 
mereury ions show an increase in eur- 
rent at about zero potential. If the 


sample does not have brine, it must be 
added before the observations are made. 

Where the quantity of silver in an 
industrial waste must be known, Pierce 
(54) has provided details for the vari- 
ous steps that must be used to eliminate 
the effect of interferences. 
is extracted 


The silver 
tetrachloride 
twice as the dithiazonate and dissolved 


into earbon 
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from the first extraction with ammonia 
water. 

Zireonium be determined with 
very little interference by first precipi- 
tating it with mandelic acid according 
to Schneer (39). The mandelic acid 
salt which contains four anion radicals 
can be filtered off and the organic 
matter (mandelic acid) titrated with 
permanganate or chromate solutions. 


Can 


Nitrogen Compounds 


The search for a rapid accurate pro- 
cedure for nitrate concentration con- 
tinues. Hartley and Asai (15) indi- 
cate that 2-6 xylenol can be used to 
react with nitrates in water solution 
directly. Chlorides and nitrites inter- 
fere, but can be removed; silver sulfate 
can be added in excess to remove the 
chloride, but the sample must be fil- 
tered; solid, erystaline sulfamie acid 
can be added to remove nitrites. With 
1 em light path and 1 ml sample di- 
rectly the technique is not sensitive. 
This is inereased by evaporating a 
larger sample to dryness before adding 
reagents. The color is determined in 
the ultraviolet at 323 mp. 

Hora and Webber (19) have found 
that samples of ammonium nitrate lose 
nitrate rapidly when the solution is 
evaporated to dryness without pH ad- 
justment (near 6.0). small 
amount of potassium hydroxide to 
yield pH] 9.0 eliminated the nitrate 
Which was caused by the am- 
monium ion. The loss of nitrate at pH 
values near 6.0 during drying of larger 
samples was noticed by Hartly and 
Asai (15). 

The quantitative conversion of ni- 
trate to nitrite to obtain the sensitivity 
of the diazzo technique for the nitrite 
has been studied by Price and Priddy 
(36). Zine is used for the reduction at 
pH 10. An involved procedure for de- 
termining nitrates has been proposed 
by Caeuseseu (5). 
carmine is formed and this is 
titrated with permanganate. 


loss, 


A color of indigo 


back 
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The determination of ammonia in 
coke plant wastes provides special prob- 
lems. Kaplin and Fesenko (21) pro- 
pose that the use of the blue indo- 
phenol color be used. Coke wastes eon- 
tain both ammonia and phenol—ehlo- 
rination causes the blue color to form. 
To reduce interferences the color mole- 
cule can be extracted from an acid 
solution with chloroform and reestab- 
lished in an alkaline medium in the 
chloroform or aqueous solution. 

Bradstreet (2) has studied the vari 
ous possible reducing reagents which 
can be added to the Kjeldahl procedure 
to include the organic nitrogen com 
pounds in the higher valence states of 
nitrogen. Sugar is recommended over 
salieylie acid as a reducing agent as the 
preliminary step. At the other end of 
the determination, Milner and Zahner 
(30) have found sulfamie acid highly 
desirable for titrating small quantities 
of ammonia in the distillate. 

In the control of an activated sludge 
sewage treatment plant, it would be in 
teresting to know how effectively cer- 
tain simple organic nitrogenous com- 
pounds have been removed. <A rapid 
paper chromatographic procedure with 
ninhydrine has been developed by Van 
Renden (50) for determining the ap- 
proximate concentration and identity 
of the amino acids in sewage and 
treated effluents. 
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SEWAGE 


Physical and Chemical Methods 


Pierce (90) discussed the role of the 
primary sedimentation tank as the key 
unit and control center for the entire 
sewage treatment plant 
tection of 


By early de- 


unusual characteristies of 


the raw sewage entering the primary 


tank, the operator may frequently be 
able to adjust his normal methods of 
management of this facility so that 
harmful effects on plant 
units may be minimized. The interre- 
lationships of sedimentation tank and 
digester operation are discussed. The 
with sludge and 
scum removal and transfer, industrial 


subsequent 


problems associated 


and toxie wastes, and grit are discussed 
in detail. 

Mahood (66 chemical 
coagulation and pressure flotation plant 
constructed to treat oil wastes originat 


described a 


ing in an aircraft maintenance plant 
The waste consists of water contami 
nated with 500 to 1.200 me/1 of oil, 
250 to 700 mg/l of which is in emulsi 
fied form. The BOD varies from 400 
to 800 mg/l. The treatment 
consists of coagulation with liquid alum 
and activated followed by a 
flotation unit which operates at a 

face loading up to 6,000 gpd/sq ft. 
The oil content of 
than 20 mg/I. 


process 


siliea, 


the effluent is less 

The prineiples of dissolved air flota- 
tion were presented in detail by Vrab- 
lick (124 The the 
theories of the processes in 
volved in the solution, precipitation 
and the rise of the air bubbles, and the 
methods by which the flotation of sus- 
pended solids takes place. It 


discusses 


paper 
various 


rives 
typical results of experimental studies 
showing the relationships between the 


variables involved. The independent 
per cent suspended 
the feed, h 


sure, and 


variables are (a 
solids in aeration pres- 


The de- 


suspended 


retention time. 
pendent variables are (a 
solids in the float, () 
in the underflow, (¢) suspended solids 
in the decanted liquor, (d 
of float, and (e) the 
flow. 


suspended solids 


the volume 
volume of under 
Design eriteria for dissolved air 


fHotation systems are discussed. 


Biological Filtration 
Two problems inherent in the opera- 
tion of the 


film aceumula- 
tion which may result in ponding and 


most biological filters are 


prevention of exeessive 
the fly nuisanee. Hawkes (37) eon- 
siders these to be an ecological problem 
and reports a study of the effects of 
methods of sewage 
ecology of the filter. 

Six different methods of applying 
the filter The 
modifieations of the nozzles can be de- 


application on the 


sewage to were 


used 
scribed as follows: open fish-tail, closed 
plate, an unmodified 
jet, twin jets, and jets. All 
were designed to apply an equal amount 


fish-tail, splash 


of sewage to a 24-in. strip of the filter 
surface. The open and closed fish-tail 
nozzle produced a sheet of liquid ap- 
proximately 24 in. wide, the latter hav 
The 
splash plate nozzle was so constructed 
that it delivered a cireular sheet of 
liquid approximately 24 in. in diam- 
eter. The unmodified jet discharged a 
eylindrical jet approximately 1 in. in 
diameter. 


ing the greater impinging foree. 


The twin jet used two cireu- 
lar jets spaced 12 in. apart and the 
‘fquad’’ jet four 1%4-in. nozzles 
spaced 6 in. apart. 


used 
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To assess the amount of surface 
vrowth, a layer of media was placed on 
steel mesh trays which extended 12 in. 
to either side of the original jet line. 
Perforated cylindrical cans, 6 in. in 
diameter and 6 in. deep and eontain- 
ing about 0.1 cu ft of media, were 
placed below the trays. These were 
used to assess the total amount of film 
below the surface and the biological 
fauna. Eighteen monthly samples were 
analyzed for each of the six nozzles be- 
tween August 1956 and February 1958. 

It was found that satisfactory opera- 
tion of a filter requires the maintenance 
of an effective grazing population which 
prevents film accumulation as well as 
an even distribution of sewage over the 
bed surface. Of the nozzles tested the 
two fish-tails and the splash plate all 
gave even distribution. Ilowever, it 
was observed that the increased num- 
bers of grazing fauna under the splash 
plate were more effective in reducing 
the film accumulation than was the im- 
pinging action of the fish-tail nozzles. 
The ‘‘quad’” jet produced better bed 
conditions, even under extreme load- 
ings, than the single or twin jet. Com- 
paring the ‘‘quad’’ jet with the splash 
plate it was found that while the latter 
produced a more uniform distribution, 
the former created a more suitable en- 
vironment which permitted the estab- 
lishment of a mixed grazing fauna. 

As maintenance of a mixed fauna 
whenever possible is to be preferred to 
a fauna dominated by one species it 
was concluded that the *‘quad’’ jet pro- 
duced the most desirable ecological con- 
ditions. 

An equation derived from basie 
trickling filter theory was proposed by 
Schulze (100) as a means of predicting 


filter efficiency. Filter loadings may 
be measured either hydraulically or 
organically. Of the two, only the 


former affects the length of time the 
sewage remains in contact with the 
biological slimes which are responsible 
for the major part of the treatment. 
Based on data obtained from an ex- 
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perimental trickling filter it was con- 
cluded that the efficiency of a filter is 
independent of the organic loading as 
long as the hydraulic load remains 
constant, but is dependent on the con- 
tact time which is a function of the 
hydraulie loading. 
The equation 


where 


L, = final effluent BOD in mg/], 


L; = incoming waste BOD in mg/I, 

D = depth of the filter in feet, 

Q hydraulic loading in mgd, and 

kk = 2.303K (K = a constant found 


experimentally to vary between 
0.22 and 0.33), 


provides a basis for computing the ef- 
ficiencies of single-pass filters at any 
combination of hydraulic load and 
depth. 

A study of the effects of hydraulic 
loadings and filter depths on the per- 
formance of trickling filters was made 
by Abdul-Rahim ef al. (1 

An experimental filter, 5 ft in di- 
ameter and 10 ft deep was used. Sam- 
pling tubes were placed at one-foot in- 
tervals of depth beginning one foot be- 
low the surface of the stone. Primary 
settled sewage, obtained from a eity 
sewage treatment plant, was applied at 
hydraulie loading rates varying from 
10 to 35 mgd/acre with recirculation 
rates varying from 1:3 to 1:1.5. 

Each hydraulie loading rate was in- 
vestigated for two 6-week periods, one 
during the summer months and one 
during the winter. When the hy- 
draulic loading ranged between 10 and 
30 mgd aere no change was noticed in 
the percentage reduction of BOD taken 
from the same depth and during the 
same season. Ilowever, when the hy- 
draulic loading was increased beyond 
30 megd/acre a decrease in efficiency 
Was apparent. 

It was observed that during the 
winter months 50 per cent of the rela- 
tive removable BOD was accomplished 


: 
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by the first 2 ft of the filter and 75 per 
cent removed in the first 4 ft at hy- 
draulie loading rates ranging from 15 
to 25 mgd/acre. During the summer 
months 50 per cent of the relative re- 
movable BOD was accomplished in the 
first foot and 75 per cent in the top 
214 feet. 

It was that as the 
depth inereased beyond 6 ft, tempera- 
ture played a less important part. 

A comparison of filter 
when loaded with raw 
settled sewage was reported by Hall 
(36). Two identical filters, 3 ft 
in diameter and 6 ft deep, were uti 
lized. Raw sewage from the Cydna 
Sewage Purification Works, Johannes- 
burg, South Africa, was piped to a flow 
diversion box where the 


also observed 


efficiencies 


and primary 


flow was di- 
vided, a portion going to one filter and 
a portion to a settling tank of the 
Dortmund type. After settling for ap 
proximately 21 hr the effluent was ap- 
plied to the second filter. 

It was 
that settled sewage is more easily 0x1- 
dized than raw or unsettled sewage and 
that improving the degree of treatment 
afforded by the primary units will per 
mit an inerease in the hydraulic and 
organic loads applied to the filter with 
out reducing the 
treatment. 


concluded from this study 


over-all degree of 

The performance of 6-ft deep bio 
logical filters built below ground level 
at the Treatment Works in 
Springs, South Africa, was described 
by Westhof (127 While construction 
of the filter units below ground level 
permitted gravity flow throughout the 
plant, some question existed as to what 
effect the location would have on filter 
ventilation and efficiency. One experi- 
mental unit, constructed in 1951, 
been in continuous operation without 
deleterious effects. Its effectiveness in- 
fluenced the construction of five addi- 
tional units in similar locations. 

It was found that closing of the vent 
stacks produced no deterioration in the 
filter effluent and they were omitted in 
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has 
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the later units. It was coneluded that 
the filter obtains sufficient air from the 
top for efficient operation and that the 
air travels in the direction of the ef- 
fluent flow. 

Waller and 125) found the 
addition of sodium nitrate to flooded 
filters of the Atlanta, Georgia, Sewage 
Treatment Plant provided an economi- 


Ingols 


eal means of odor control. Hydrogen 
sulfide emanating from the filters whieh 
were flooded weekly in an effort to eon- 
trol filter flies resulted in an 
in the number of complaints reaching 
the plant. Chlorine and ortho-dichloro- 
benzene, an insecticide, were tried as a 
controlling the filter flies 
without flooding but the cost exceeded 
$100 per day. When flooding was used 
and sufficient sodium nitrate added to 


increase 


means of 


provide the necessary oxygen during 
the inundation, both 


solved at a cost of only S30 per day. 


problems were 
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Activated Sludge 


Morgan and Bewtra (78) ealled at- 
tention to the for a standard 
method for the evaluation of oxygen 


need 


various 
air diffusion devices and recommended 
that diffusers be tested for their oxy- 
venation rate in a full-size tank with 
clear tap water at 20°C and zero dis- 


absorption characteristics of 


: 
| 
; 
: 
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solved oxygen. Dreier (21) pointed 
out the value of surface aeration. In- 
stead of diffusing air in the smallest 
bubbles over relatively wide areas of 
tank bottom, by the use of media with 
very small interstices, he advocates 
narrow air dispersion bands which pro- 
duce turbulence that breaks large bub- 
bles into small ones and prevents the 
coalescence of the small bubbles. <Ae- 
curately short tube orifices, 
ranging from 1. to °¢ in. in diameter, 
yield air velocities between 100 and 
500 fps and the mixture of air bubbles 
and liquor lift, 
streams rapidly upward 12 to 18 in. 


reamed 


comprising an air 


where it passes through a critical veloe- 
ity. There, a sudden change in energy 
causes the bubbles to shear. This im- 
with 
minute bubbles averaging as small as 


mediate region becomes charged 


with a 
The diffusers ean 


discharged from media 


permeability of 40. 


those 


disperse 4 to 15 efm of air with low 
head loss. No air filters are required. 
A 6-ft aeration unit was tested by 
Hurwitz (40) in a tank 28 ft 
and 13.5 ft deep with 3-ft, 45° bottom 
fillets. The unit was operated with the 
lip of the cone 1% in., 2 in., and 4 in. 
above the water surface at speeds of 


square 


25 to 39 rpm The oxygen absorption 
rates were measured by adding sodium 
sulfite with cobalt slight 


excess to a tank to deaerate the water. 


catalyst) in 


In tap water, oxygen absorption values 
up to 23.5 Ib hr, depending on the 
speed of the cone, were obtained at a 
gross power consumption of 0.36 kwhr. 

Based on simplified theoretical con- 
siderations, Fischerstrom (27) has de- 
veloped a calculable system using dis- 
This is 
an idealized spiral flow system consist- 


persed air at shallow depths. 


ing of a low head aerator resting on a 


partition wall with openings at top 


and bottom. Cross walls support the 
aerators, making a ‘‘flow eontrolled 
aerating basin.’’ The research work 


and full-scale operation of activated 


sludge plants show that it is quite pos- 


sible to aerate water to produce an ex- 
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tremely high 
nomically, by 


oxygenation rate 
introducing air at low 
pressure and correspondingly greater 
rates through perforated pipe. 

Oxygen transfer and power cost of 
turbine aerators installation of the 
West Virginia Pulp and Paper Com- 
pany’s Covington, Virginia, activated 
sludge plant are reported by Laws and 
surns (98). With the larger orifices 
of the spargers, scaling was not a prob- 
lem. Although some scaling was ob- 
served during the two months’ test pe- 
riod, the optimum submergence of the 
top impeller was found to be 13 in 
The over-all oxygen transfer efficienes 
was 18.5 per cent. 


eco- 


The turbines dis. 
solved oxygen at the rate of 2.54 Ib 
hr/hp. The increased aeration effi- 
ciency permitted a higher BOD loading 
than was possible with the former type 
of air diffusion equipment. A power 
saving of over 40 per cent of the previ- 
ous consumption for aeration was 
achieved. The maintenance require- 
ment of the aerators was low. 

A contribution to the theory of aera- 
tion, effect of temperature on aeration, 
oxygenation capacity of brush aeration 
in a small tank is made by Pasveer 
(89). Interesting are also 
advanced regarding the rate of trans- 


concepts 


port of oxygen beginning with its in- 
troduction into the liquid and ending 
with the penetration into the floe. 
Results are given of a brush aeration 
plant giving complete purification with 
a BOD loading up to 275 Ib ‘day /1,000 
cu ft with an average aeration period 
of 114 hr, 
oxygenation capacity and the degree 
of turbulence. 

MeNicholas and Tench (75) reviewed 
the experimental work carried on at 
Manchester, England, with different 
types of mechanical aeration units. Ac- 
ceptable effluents were produced with 
about two hours’ aeration by increasing 


as a result of increasing the 


the rate of oxygen supply per unit 
volume of aeration tank. Intensifiea- 
tion of aeration did not result in the 
dispersion of the floe and permitted 


| 
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the maintenance of larger quantities 
of activated sludge in good condition. 
Tench (117) developed an equation 
which deseribes the 
tween activated 
concentration. 
Shatto (102) 


relationship be- 
sludge activity and 
used an aerobic diges- 
tion system, followed by filtration of 
the settled effluent through an auto- 
matic diatomite water filter, to provide 
a high degree of purification at 
cost for domestic sewage 
persons. 

A new type of filter media 
vestigated by Schaffer ef al. (99 Four 
plastie films, 1 to 3 mil in thickness, 
were tested at a pressure of 12 in. of 


low 
from 65 to 70 


Was 1n 


water, using commercial oxygen at an 
average gas pressure of about 
mosphere. The oxygen transfer to set 
tled sewage ranged from 75 to 120 ml 
100 sq in./24 hr/atm. As the films were 
fragile, they required close control of 
pressure and protection from mechani- 
eal injury before and after immersion. 
No film degradation by biological ae- 
tion was detectable after 60 days’ im 
mersion. 
Sawyer (96 


one at- 


has very effectively de- 
the 
activated sludge process and has pre- 
sented data to what these 
accomplished. One of these 


scribed various modifications of 
have 
modifi- 
activated 
sludge, has been discussed by MeKin- 
ney (74 Me- 
Kinney pointed out some of the appli- 
eations of the 


show 


cations, completely mixed 


and Kalinske (48 
and concluded 
that, for small plants, total oxidation 
units with a low food 

ratio, which small 
formation, are best economically 


pro 


microorganism 
results in sludge 

For 
large plants, economics favor units in 
which a high food microorganism ratio 
produces a large volume of 
Kalinske reported that completely 
mixed units can handle loadings 4 to 6 


sludge. 


times greater than conventional plants. 
For example, daily 
loadings up to 300 Ib per 1,000 eu ft 
of aerator capacity or up to 1.5 lb BOD 
per pound of aeration tank solids are 


domestic sewage 
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possible. It is important to have rapid 
separation of the solids from the liquid 
to avoid depletion of oxygen in the 
liquid portion. Busch and Myrick( 13) 
have investigated the limitations of the 
so-ealled complete oxidation 
in laboratory scale apparatus. They 
found that total neither 
theoretically nor practically attainable 
unless effluent 
sufficient 
lation reached in 
batch or continuous systems after op- 


process 
oxidation is 
carry over of solids is 
for balance. No food-popu- 
equilibrium was 
eration at one organic loading for as 
long as 103 days. For systems of the 
type studied, the authors believe that 
extrapolation of batch unit data to 
continuous plant design is not prac 
tical. 

Pilot-plant studies in Kassel, Ger 
many, by Kehr and der Emde 
D4) showed that satisfactory biologi- 
cal treatment 
very short 
Brandol 60 
brushes, or 


von 


with 
Using 


obtained 
periods. 


can be 
aeration 

diffuser tubes, Kessener 
the Inka system of aera 
tion, 80 to 90 per cent removal of BOD 
(raw sewage 60 to 160 mg/l) could be 
obtained with a hydraulie loading of 
300 gpd/cu ft and about 36 min aera- 
tion. removal 
of BOD by primary sedimentation, an 
over-all BOD removal of 75 per cent 
could be obtained with a 15-min aera 
tion period. The 
scribed the operation of the 


Assuming 20-per cent 


authors also de 
Kessener 
brush aeration plant at Detmold, which 
treats sewage and plywood wastes hav- 
ing a population equivalent of 100,000. 
With an aeration period of 35 to 40 
min, about 85-per cent removal of BOD 
was obtained in the biological section 
of the plant from a settled sewage con- 
taining 200 mg/l BOD. Sewage added 
continuously over three-fourths of the 
length of the aerators led to a high 
concentration of sludge in the aeration 
tanks (6,000 to 12,000 mg/l). The 
return sludge volume was 30 per cent 
of the sewage flow and the suspended 
solids were 20,000 to 30,000 mg/1. 
Eckenfelder (23) found that the ini- 


f 
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- 
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tial removal of BOD in the bio-oxida- 
tion process is governed primarily by 
the nature of the organic substrate and 
the condition and concentration of the 
activated Further BOD  re- 
moval rates depend on the coneentra- 
tion of BOD to be removed, the rate 
being independent of concentration at 
high BOD but dependent on 
concentration at low levels. Ile has 
developed mathematical formulas to 


sludge. 


levels 


describe these phenomena. 
the 
reaction whereby nitrates and nitrites 


Bringmann (10) has discussed 
in a sludge are reduced to produce 
gaseous nitrogen. Ile has shown that, 
by mixing a well nitrified activated 
sludge with under controlled 
conditions of oxidation-reduction (—230 


mv 


sewave 


organic matter in the sewage is 
oxidized as the nitrate-nitrite nitrogen 
is reduced. The mixture is then aer- 
ated for a short period to oxidize the 
remaining oxidizable matter, 
those causing 
Bringmann reported BOD re- 
from the of 85 to 90 
per cent. 

More and substances, 
thought to be toxie to activated sludge 
organisms, have been 
to treatment. 


organic 
especially substances 
odor. 

movals 


sewave 


more once 
found amenable 
Malaney (67) was able 
to acclimate activated sludge to utilize 
aniline as a sole souree of carbon and 
This aceclimatized sludge was 
also able to oxidize a wide variety of 


energy. 


chemical compounds related in chemi- 
cal structure 
and 


to aniline. Rogovskaya 
found that many 
organisms, widely distributed in water 


Lazareva (94 


and soils, can be used to make activated 
sludge the purification of 
phenol-free gas wastes and wastes from 
fatty acid synthesis and 
claiming. 


useful in 


rubber re- 
These organisms could also 
purify wastes containing phenol and 
resorcinol as well as domestie sewage. 
The sludges investigated did not differ 
widely in microflora but showed wide 


diversity in metabolic. types 


among 
This agrees 
with the rapid adaptation of sludges 


heterotrophic organisms. 
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to widely diverse wastes. All isolated 
bacteria were capsulated and capable 
of forming active sludge flakes. Mixed 
cultures served better than pure eul- 
tures. Bacteria which decompose phe- 
nol comprised 45 to 90 per cent of the 
microflora in the sludges and adapta- 
tion to phenol can increase the per- 
centage. Ludzack and Ettinger (63) 
collected data on the aerobic biochemi- 
cal stabilization of many organie com- 
pounds, in an attempt to clarify the 
relationship between chemical 
ture and microbiological assimilation. 
Emphasis was placed primarily on in- 
vestigations in which the microbiota 
was acclimated to the particular test 
chemical prior to oxidation tests. The 
data include information on activated 
sludge and other biological 
processes. Rosenthal and O’Brien (95 
and Ludzack (62) have given detailed 
information about making laboratory 
scale activated sludge units. 

Husmann and Malz (43) reported 
that, based on laboratory scale experi- 
ments at temperatures from 
20 to 55°C, activated sludge had maxi- 
mum activity at 30°C. The ammonia 
content of the effluent was appreciably 
greater at the 
than in the mesophilic 


struc- 


aerobie 


ranging 


higher temperatures 
The 
isolation of the floe-forming organism, 
Zooglea Was described by 
Dugan and Lundgren (22), who com- 
pared the growth of the organism in 
complex and chemically defined media. 
Growth in chemically defined media 
was greatly stimulated by nucleotides 
and purine and pyrimidine combina- 
tions. 


range. 


ramigera 


Total cellular nitrogen was used 
as a measure of growth. The deserip- 
tion of the organism isolated and iden- 
tified as Zooglea ramigera agrees with 
those found in the literature. 

Sludge bulking by the discharge of 
waste into a municipal sewage treat- 
ment plant with a maximum eyanide 
concentration of 8.6 mg/l and a copper 
concentration of 3.6 mg/l as received 
at the plant is reported (6). 

Bulking of activated sludge treating 


458 


wood pulping wastes is reported by 
Tkachenko and Drublyanets (118) 
The bulking due to Sphacrotilus is at- 
tributed to the sugar content which 
was 1,000 to 1,500 mg/l and to the 
acidity of the waste. Dilution of the 
wastewater was effective in controlling 
bulking. 
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Disinfection 


McKee et al. (73) have reported the 
results of an intensive research study 
designed to determine the chemical re- 
actions involved and the colicidal effects 
produced in the treatment of settled 
with the 
bromine, and iodine. 


sewage halogens: chlorine, 
luorine was not 
considered due to its extreme reactivity. 

The authors present a comprehensive 
discussion of the chemistry of halogens 
and a brief survey of the analytical 

In their tests, 
standard 


methods commonly used. 
a modification of the 
starch-iodide method was employed in 


acid 


order to take into account the high re- 
activity of 
sewage. 
Sufficient graphs are included deal 
ing with the 


halogen dosage, contact 


iodine with organics in 


relationships between 
time, colicidal 
efficiency, and halogen residual. 

The results of their 
eate chlorine, bromine, 


indi- 
iodine re- 


research 
and 
ecolieides 


siduals are equally effective 


on a molecular basis. Because more 
iodine and bromine are used in satisfy 
ing halogen demand, chlorine is supe 
rior on a dosage basis. lodine is supe 
rior once the halogen demand has been 
satisfied. However, on a weight basis, 
chlorine is than the 
others (8 mg/l of chlorine will yield 
coliform kills comparable to that of 


45 mg/l of bromine and iodine) 


more superior 


and 
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Thus, the au- 
thors conclude that bromine and iodine 


chlorine is less costly. 


should be excluded from practical con- 
sideration in sewage disinfection. 
Sherbeck (103 


erations report that split chlorination 


has shown in an op- 


is a more effective eolieidal procedure 
than single-shot chlorination in sewage 
treatment based on samples collected 


over an observation period of four 
years. 
Kelly and Sanderson (55) have ex 


tended previous work to a study of the 
effects of combined residual chlorine on 
the had 
originally been isolated from chlorin- 
ated The 
two observations: (a 


two strains of virus which 


sewage. research involved 


types of com- 
parison of the rates of inactivation of 
the two strains of enterovirus at differ- 
ent pH levels by one combined residual 
and (b 


mates of the times and concentrations 


chlorine concentration, esti 
of combined residual chlorine required 
for greater than 99.7-per cent inactiva 
tion of the resistant strains (this repre 
sented the limit of detectability of the 
virus in most 


SUSPeHSLONs 


Plaque 
counts were made in bottle cultures of 
Hela or monkey-kidney epithelial cells. 
The results show that at 25°C and a 
pH value of 7.0, a concentration of at 
least 9 mg, l was necessary for polio 
virus inactivation with 30 min contact, 
6 mg | with 1 hr contact, and 0.5 mg/1 
required a contact period of more than 
7 hr. 


crease in contact period was a_ better 


Kor the resistant strains, an in 


disinfecting procedure than was an in- 
Higher pll 


rate of 


concentration 
the 
authors 


crease in 
inactiva- 
that the 

contact 


values enhanced 
The 
minimum and 
periods for the inactivation of polio 
virus indieate that the current 
mendations for sewage treatment may 
not disinfect 


tion. conclude 


concentrations 
recom 
viruses. Disinfection is 
defined as ‘‘destruction of all patho 
gens,’ and therefore present-day 
standards are not adequate. 

Lowe ef al. (61) have reported on 
the use of gamma radiation for disin- 


ad 
7 
4 
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7 
3 
4 
im 
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fection. Samples of double-distilled 
water and autoclaved sewage were in- 
oeulated with appreciable doses of B. 
subtilis, M. 
coli, and T-3 coli phage and exposed to 
gamma from a 1.1-kilocurie 
Samples of settled sew- 
age and settled sludge were similarly 
irradiated. 


y 
smegmatis, S. aureus, E. 
radiation 


souree of Co' 


All of the test organisms, 
when suspended in distilled water and 
in sterilized sewage, were destroyed by 
The dosage for ¢om- 
plete kill was high, ranging from 2.0 X 
10° r for B. subtilis spores to Ia xX 
r for T-3 coli phage when suspended in 
distilled water. The samples of settled 
sewage and sewage sludge required 5.0 

10°r and 2.0  10°r for 100-per cent 


kill, respectively. Dosages up to 


gamma radiation, 


104 r resulted in kills up to 90 per cent 
in water, sewage, and sludge with the 
exception of B. subtilis. 

An aspect of disinfection which pos 
sibly could have far-reaching implica- 
tions has been presented in a joint com- 
mittee report (16 with the 
supply, inventories, and use of chlorine 


dealing 


in 51 sewage and 151 water treatment 
plants out of a total of 191 U.S. eities 
selected to represent population sizes 
The rela- 
treat- 
ment plants using chlorine is indicated 
by the number of returns. A 
cal inventory 


in five geographic sections. 


tively small number of sewage 


‘‘eriti- 
represents the number 
of chlorine containers not in use equal 
to the number normally in service. 

recommended 
tory”’ 
plus a 
amount 


inven- 
represents a critical inventory 
equal to the 
during a_ period 
equal to normal delivery time plus a 
15-day emergency supply. 


‘* working 
reserve amount 
consumed 


The aver- 
water and 
sewage plants were 26 and 22 days, 
Two-thirds of the water 


age working inventories at 


respectively. 


plants and one-half of the sewage 
plants were maintaining the reecom- 
mended working inventory. Although 


delays in delivery were infrequent, the 
committee recommended that manage- 


ment evaluate its supply and operating 
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procedures to determine if 
adequate for emergencies. 


they are 


Sludge Digestion 
Theory and Mechanism 


The basic biochemical reactions in- 
volved in the destruction of carbohy- 
drates, lipids, and organic nitrogen, 
and in the formation of methane, were 
reviewed by Simpson (105). Control 
of these processes during anaerobie di- 
gestion of sewage sludge, and the sig- 
nificance of total acid concentration 
and of individual volatile acids in di- 
gesting sewage were studied by several 
authors. Etzel and Pohland (26) in 
experiments in the thermophilic range 
concluded that the main mechanism of 
methane production seems to involve 
propionic and acetic acids to a greater 
degree than other volatile acids. They 
postulate that production lags 
when acetic is no longer being decom- 
posed to methane and COs as rapidly 
as it is formed; and that an observed 
drop in propionic results from its ¢on- 
version to acid. Evidence is 
mounting that when volatile acids rise 
above the available associable eations, 
free volatile acids are produced. These 
destroy the buffering action of sludge 


gas 


acetic 


and lead to a rapid decrease in gas pro- 
duction and pH. Preliminary studies 
showed that a digester loading of 0.1 


lb day/eu ft digester capacity gave 


rise to more than 2,000 mg 1 in the 
mesophilic range of temperatures. 


Liubimov and Kagan (59) found little 
difference in the composition and quan- 
tity of acids in the alkaline stage of 
digestion. Working with a mixture of 
primary sludge and waste activated 
sludge digesting at mesophilic tempera- 
tures, they observed, however, that the 
acid fermentation stage produces pro- 
pionic, butyric, isovaleric, acetic, and 
formie acids. After alkaline digestion 
is established, the first three of these 
acids disappear and caproie acid ap- 
pears. Grumbling and Sawyer (34) 
noted that there is yet no way to ‘‘ap- 
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ply the brakes’’ to activity of the acid 
formers to allow 
ganisms to catch up. 


methane-forming or- 
Experimental 
digesters in distress did not show pH 
changes as production declined 
until volatile acids reached 1,000 me/I, 
as acetic acid, or more, depending on 
the buffering capacity of the unit. The 
factors which these authors list as re- 
sponsible for the inactivation of meth- 
ane organisms include one or more of 
the following: (a) the destruction or 
impairment of structural cell organiza- 
tion, (b) an with the 
energy-yielding metabolism of the cell, 
(c) an interference with biosynthesis 
or growth of the cell, and (d 
cal injury. 

Washed suspensions of M. 


vas 


interference 


mechani 


omelian 
skui were found by Johns and Barker 
(47) to be capable of converting ethanol 
to acetaldehyde anaerobically or, in 
the absence of COs, to acetie acid and 
hydrogen. An atmosphere of hydro 
gen, however, oxidation of 
ethanol. 

O’Neill (86) found that one per cent 
of copper, on a dry solids basis, caused 
an appreciable reduction in gas yields 
although not as profound an effect as 
produced by zine 
tion of organisms to 


inhibits 


Some acclimatiza 


copper Was ob- 
served. 

Suecessful application of anaerobie 
digestion to raw distillery wastes when 
the waste was enriched 


with methane 


isolated from a 
culture, and digested for a 
period of two to three weeks, was re 


Addi 


bacteria, continuous 


methane 


ported by Ghose and Rao (30 


tion of exeess carbonate produced a 


effluent after 14 but its 
oxygen demand was not different than 
that of the digested 
added carbonate. 


clear days, 


waste without 
Laboratory tests by 
Madera (65) indicate that TNT wastes 
ean be purified anaerobically. He fur 
ther reported that a combination of 
anaerobic and aerobic methods has been 
successfully used for wastewaters from 


citric acid production. 
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New Deve lopme nts 

Grune (35) applied gas chromatog- 
raphy to the analysis of digester gas. 
In his experiment, C™ 
tinguish 


is used to dis- 


acid cleavage and 


methane product ion processes. 


between 


Mainte nares and O pe ration 


The operation and 
maintenance which are optimum for 
anaerobic 


conditions of 

digestion of sewage were 
105 Best 

results occur when raw sludge is fresh. 


summarized by Simpson 


high in solids content, and contains no 
critical amounts of toxie materials. 
Such sludge should be fed to the di 
gester frequently or continuously, the 
digester mixed, and a 
stant temperature maintained. 

control is 
Seott (101 
ficulties in 


contents eon- 
Sseum 
also an important factor. 
deseribed some of the dif 
such 


Kixed-ecover tanks 


control in Toronto. 


were found to de 
velop a very solid scum at a rate of six 
inches per month. A two-year aceumu- 
lation of 12 to 18 ft of 
gered the 


circulation 


scum 
structure itself. 

proved unsuccessful. By 
applying air at the rate of 600 efm for 
24 to 48 hr the scum softened enough 
for drawoff but 
hours. 


endan 


Gas re 


rehardened in a few 
Scum in the 
cu yd was removed through 2-ft diam 
manholes. In newer primary tanks, 4 
ft of scum is 
months. The 
agitation in 


amount of 5,250 


now removed every 24 


veneral effectiveness of 


keeping down seum by 


tank contents is 


attested by Estrada (25). The method 


vigorous agitation of 


to be used is largely determined by eco 
nomics, based on the cost of agitation as 
well as on digester size. He 
sufficient data are 
available to demonstrate the value of 


reduced 
concludes that (a 


agita- 
mechanical agitation will 
not increase the 


gas recirculation and vigorous 
tion, and (bh 
rate of digestion al 
though high loadings are possible if the 
On the basis of 
16 months of operating digesters con 


verted to high-rate, Nash and Chasick 


sludge is concentrated. 


a 
4 
4 
of 
| 
4 
4 
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(80) report new high loading rates of 
490 Ib/day/1,000 cu ft, on the basis of 
total solids, or 380 Ib/day/1,000 eu ft, 
on the basis of volatile solids. Under 
this loading a minimum digestion time 
of 12 days seems possible. The digest- 
ing sludge produced 8.1 cu ft of gas per 
pound of volatile added, and yielded 
a digested sludge concentrated to 11- 
to 12-per cent solids having 60.5-per 
cent volatile matter. Gas yields and 
loadings were reported by Kiess (56) 
for some 100 plants in Germany. The 
heaviest loaded plant handles 2 kg 
organic matter/day/cu m; the average 
gas yield of all plants is 0.54 cu m/ 
day, cu m digester capacity. 

Kor high-rate 
Grumbling (97) 


plants Sawyer and 


conclude that: 


unimolecular and 
first-order reactions can be applied to 


1. ¢ ‘oncepts of 


predict the increase in organic loading 
with sludge concentration. 

2. Mixing becomes a problem when 
total solids in mixed liquor approaches 
6 per cent. 

3. Total solids in mixed liquor is a 
function of the 
sludge; and the detention time. 


4. It 


feed sludge to more than 8 per cent 


such solids in raw 


is impractical to coneentrate 


unless fixed solids in raw sludge is less 
than 35 per cent or volatile matter is 
greater than 65 per cent. 


Hindin and Dunstan (39) conelude 
from laboratory studies that a single- 
stage anaerobic digester can treat raw 
sludge efficiently at a maximum load- 
ing of 0.075 to 0.10 Ib volatile matter/ 
day,cu ft if the digestion period is not 
less than 30 days. Volatile acids, the 
authors conclude, is the best measure 
of the condition of a digester, with 
2,000 mg/l as acetic acid being the 
maximum permissible for efficient op- 
eration. 

The effeet of sludge digestion on TB 
bacteria was observed by Miiller (79). 
In Germany raw sewage was found to 
contain as many as 50 to 100 organisms 
per liter. Only with thorough diges- 
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tion in heated digesters (85°F) were 
the organisms eliminated. Samples 
from unheated digesters were 50-per 
cent positive, and sludge after as long 
as 30 days drying showed 44-per cent 
positive samples. Heat treating of 
sludge at 140°F is considered necessary 
if sludge is to be used for agricultural 
land. 


Design 


Studies by Estrada (25) led to the 
conclusion that there are not yet enough 
data to fix eriteria for the design of 
high-rate digesters but that their dem- 
onstrated justifies the 
adoption of conservative interim eri- 
teria in order to take some advantage 
of the savings which can result from 
their use. 

Langford (57) discussed the digester 
volume requirements including the e¢a- 
pacity for sludge storage, supernatant, 
and actively digesting liquors. Operat- 
ing results from nine plants equipped 
with gas recirculation digesters are 
viven. Digester volumes can be re- 
duced as consideration is given to prac- 
tical control of digester heating, raw 
feed concentration, controlled superna- 
tant removal, and a flexible method of 
mixing allowing for bottom solids elas- 
sification. 

From a theoretical consideration of 
the interaction between substrate and 
organisms in the biological stabilization 
of industrial wastes, Stewart ef al. 
(111) developed a rational approach to 
the design of continuous flow anaerobic 
systems of waste treatment. Constants 
in mathematical expressions which de- 
scribe the kineties of biological proe- 
esses were derived from pilot plant ex- 
periments. The resulting equations 


effectiveness 


are valid for the design and operation 


of anaerobic fermentation processes 
dealing with the several types of or- 
ganic industrial wastes studied. 

A new plant deseribed by Stéckicht 
(112) is designed to heat fresh sludge 
by low pressure steam introduced di- 
agonally at the surface. 
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After 15 days’ digestion at 33°C the 
sludge is pasteurized at 75°C for 30 
min for use on irrigated fields. 
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Verein. (Germany), 9, 388 (1958); Water 


Poll. Abs. (Brit.), 33, 10, 343 (1960 


Sludge Disposal and Utilization 


Sludge Concentration and Condition- 
ing 


Budd (12) has reviewed the methods 
currently employed to thicken raw 
sludges. Results of continuous gravity- 
type thickening are discussed in rela- 
tion to the sludge volume ratio. The 
attempts at flotation thickening, with 
emphasis on the Laboon process are 
described and results of recent work in 
eentrifuging and vibration are noted. 
Pilot-plant experiments on thickening 
of raw sludge at the Back River Sew- 
age Treatment Plant, City of Balti 
more, were conducted by Keefer (53 
The raw sludge was a mixture of pri 
mary, activated, and trickling filter 
sludges whose feed concentration to 
the experimental thickening tank was 
varied by means of primary tank ef 
fluent. The variables studied were in- 
fluent solids loading, and depth of 
sludge blanket at a detention time of 
1.5 hr and a surface settling rate of 790 
epd/sq ft. Four groups of tests were 
made varying from an average in- 
fluent suspended solids concentration 
of 1,510 mg/l or 9.92 lb/day/sq ft to 
3,069 mg/l or 20.1 Ilb/day/sq ft The 
highest sludge concentration of 8.5-per 
cent solids was obtained at a loading 
of 14.0 to 14.5 lb/day/sq ft. Decreas- 
ing or increasing this loading concen- 
tration decreased the sludge solids con- 
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centration. The depth of the sludge 
blanket greatly affected the sludge con- 
centration. In general, the econeentra- 
tion varied inversely with the depth of 
sludge blanket between 1 and 3 ft. It 
is expected that by inereasing the 
sludge coneentration from the present 
1.6 per cent to the attainable 8.5 per 
cent solids, a savings of approximately 
$1,270 per month can be realized. 
Glace (31) has shown the finaneial ad 
vantages of a gravity thickener at the 
Haw River Sewage Treatment Plant in 
Burlington, North Carolina. The plant 
is designed for 6 mgd, and will inelude 
high-rate trickling filters, chemical 
precipitation, sludge thickening, and 
sludge digestion. Caleulations indi 
eated that thickening to 8-per cent 
solids will reduce the sludge quantities 
fed to the digester from 6,750 to 2,440 
efd. This will represent a savings of 
$197,300 in the construction costs of 
the digesters or approximately 11.3 per 
cent of the total plant cost. 

The feasibility of filtering and dis 
posing of raw sludge was reported by 
Spaeder (110). Citing costs from a 
number of installations utilizing vae 
uum filtration of raw sludge, it was 
coneluded that savings as high as $4.00 
to $7.00 per capita design may be 
realized and that operating costs ¢om 
pare favorably with digested sludge 
dewatering. Since proper chemical 
conditioning to pH 10 to 11 ean pro 
duce a bacterial count in raw sludge 
equal to that obtained from digested 
sludges, there should be no disposal 
problems associated with health or 
Davidson (19 
has described the sludge handling prae 
tices at Ogden, Utah. The plant is 
designed for a population equivalent 
of 314,000 of which more than 50 per 
cent is industrial waste. 


odor considerations 


Primary 
sludge is dewatered by a continuous 
belt vacuum filter using a synthetic 
medium. With 1.5-per cent FeCl; and 
7.5-per cent CaO dosage, filtration 
rates have averaged 10 lb/hr/sq ft with 
a cake moisture of 70 per cent. The 


: 
‘ 
oh” 
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dewatered sludge is hauled to a 68-acre 
for sanitary land fill disposal. 
Total disposal costs are $15 per ton 
dry solids of which $9 are for condi- 
tioning chemicals. 

Keefer (51) has experimented with 
aluminum chlorohydrate as a condi- 
A primary-activated di- 
elutriated and fil- 
tered through a Buchner funnel. The 
results of comparative studies of alu- 
minum ehlorohydrate and ferrie chlo- 
ride indicated that aluminum 
hydrate gave a greater cake yield but 
higher cake moisture than ferrie chlo- 
ride with a similar amount 
tioning agent. Filtering 15 min or 30 
after the addition of aluminum 
chlorohydrate still resulted in higher 
cake yields as compared with filtering 
immediately with 
ferrie chloride, but the percentage in- 


site 


tioning agent. 


gested sludge was 


chloro- 


of condi- 


min 


after conditioning 
creases were less with increased time of 
delay. Brown (11) has discussed the 
operating experience of vacuum filtra- 
tion at New Rochelle, New York. Di- 
sludge is concentrated, condi- 
tioned with lime and ferric chloride, 


vested 


and filtered through a coil spring filter. 
The costs of filtering average $15.66 
per ton dry 


costs are $12.98. 


incineration 
The basic factors af- 
feeting conditioning and filtration in 
relation to the operational results ob- 
tained are discussed. Keefer | 
coneluded that 


of sludge 


solids, and 


has 
accurate measurements 
concentration can ob- 
tained by use of a radioactive detector 
unit. Tests conducted at the 
Back River Treatment Plant 
utilizing a cesium-137 The 
prineiple of detection is associated with 


were 
Sewage 


source. 


the degree of interception of the radia- 
tion source as a function of the solids 
content of the sludge. The current re- 
ceived by the detector is amplified and 
the receiving instrument is calibrated 
to indicate the per cent sludge solids. 
Comparisons of this method with the 
procedure given in ‘‘Standard Meth- 
ods’’ gave differences of less than 0.35 
per cent 50 per cent of the time, and 
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0.137 per cent 10 per cent of the time. 
If a continuous recorder is used in ¢on- 
junetion with the density analyzer, it 
is possible to obtain a summary record 
of a large number of analyses without 
the delay associated with the ‘‘Stand- 
ard Methods’? procedure. 

There were two papers dealing with 
the flow of sewage sludges in pipe- 
lines. Behn (7) has given an excellent 
review of the subject and has developed 
the equations which are applicable to 
the results obtained from eapillary 
viscometrie and rotational viscometric 
studies. The parameters necessary to 
derive the relationship between shear 
rate and shear stress in non-Newtonian 
sludge are described. mathe- 
matical models depicting non-Newto- 
nian flow of the Bingham plastic and 
pseudoplastie types, which are applica- 
ble to sludges, available, 
the flow parameters required can be 
identified and determined by means of 
viscometry. This information, relating 
shear stress to shear rate, will allow 
estimates of pressure drops in pipe- 
lines. Sirman (106) has described the 
experimental procedure and technique 
in employing a capillary viscometer 
for determination of the shear stress 
and the pressure drop. 


Since 


sewave are 


The necessary 
plots to obtain the apparent Reynolds 
Number and the flow-behavior indexes 
are given. Results indicate that a 2.8- 
per cent digested sludge has Newto- 
nian properties at laminar flow, its 
deviation from water being a function 
solely of viscosity. With increasing 
solids concentration, the deviation from 
Newtonian flow increases with deereas- 
ing flow rates. 


Sludge Disposal and Utilization 


A concise deseription of the equip- 


ment, operating characteristics, and 
costs of wet oxidation plants to be con- 
structed in Chicago, Illinois, and 
Wheeling, West Virginia, have been 
published (3), and Hurwitz and Dun- 
das (41) have described the criteria 


= 
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and results of pilot-plant studies which 
will be utilized to design the full-seale 
plant for the Metropolitan Sanitary 
District of Greater Chicago. The full- 
scale plant which will handle 200 tons 
of dry solids per day will cost 13 mil- 
lion dollars. It will consist of 4 indi- 
vidual units with a capacity of 50 tons 
dry solids at 3-per cent solids concen- 
tration. Each unit will consist of an 
air compressor driven by a 2,250-hp 
motor with a capacity for compressing 
4,800 cfm of free air to 1,850 psi. The 
reactors will be 61 ft high, weigh 160 
tons, and be designed for a pressure of 
1,800 psi at 600°F. Pilot-plant studies 
have shown that the degree of sludge 
degradation, as measured by the COD 
is a function of temperature and does 
not vary appreciably with solids con- 
centration. However, the power costs 
are a function of solids concentration. 
A 4.4-per cent sludge is the break 
even point; a 2-per cent will cost $2.50 
per ton dry solids, while a 6-per cent 
sludge may yield $0.65 per ton dry 
solids as recoverable heat energy. 
Martin and Bryden (71) diseussed 
the principles and application of the 
atomized suspension technique to sludge 
disposal. Pilot-plant studies were car 
ried out on a raw sludge having a 
solids content of 4.5 to 6 per cent. The 
sludge is comminuted and preconcen- 
trated in a cyclone evaporator to 11- 
per cent solids. It is then fed at a 
pressure of 30 psi to atomizing nozzles, 
thence to the reactor operated at a wall 
temperature of 1,400 to 1,450°F. The 
evolved gases and steams are condensed 
and vented to a furnace and the solid 
particles in the lower portion of the re- 
actor are separated from their convey- 
ing media in a cyclone. A study of the 
heat balance indicated that of a total 
heat supply of 970,000 Btu/hr at a re- 
actor feed rate of 750 lb/hr, 36 per 
cent useful work was done; 46 per cent 
of the supply was contained in the 
flue gases leaving. A $35,000 atomized 
suspension technique unit designed to 
handle sewage sludge from a popula- 


tion of 12,000 has been installed for 
Beaconsfield, Quebee 5). Concen- 
trated primary sludge is atomized into 
the reactor held at 1,400°F at the top 
and 1,000°F at the bottom. Air is in- 
troduced to oxidize the organie matter; 
the resulting No and COs. gases are 
vented to the atmosphere, and the 
separated ash is discharged to the river. 

Nickerson has discussed the 
costs of sludge treatment and disposal 
at Waterbury, Conn.; Camden, N. J.: 
and Schenectady, N. Y. The first two 
handle raw primary sludge while the 
third handles digested primary. Each 
plant dewaters by means of drum-type 
vacuum filters followed by flash drying 
and/or incineration. The 1957 dis 
posal costs at Waterbury were $26.14 
per ton dry solids of which $14.34 was 
for wages, chemicals, power, and sup- 
plies; and $11.80 was for annual debt 
service on equipment and _ facilities 
The operating costs at Camden were 
$17.05 per ton dry solids, of which 
labor, chemicals, and burning were 
$5.08, $6.48, and $7.35 per ton, respec- 
tively. Schenectady disposes of its 
primary digested sludge as a soil condi- 
tioner under the trade name, Orgro, at 
$1.00 for a 65 lb bag. Considering the 
revenues obtained from the sale of the 
Orgro, $7,315 in 1958, the net operat 
ing costs were $5.04 per ton. Although 
the sale of Orgro produces a net profit, 
the necessity of incinerating sludge in 
the winter results in a net cost for the 
total yearly operation. 

Sawyer and Kahn (98) conducted 
laboratory studies on temperature re- 
quirements for odor destruction during 
incineration. Primary sludge, a mix 
ture of primary and activated, and 
sludges from anaerobic flotation were 
conditioned, burned in a Lindberg fur- 
nace, and submitted to a test panel for 
odor evaluation. The results indicated 
that although the temperature required 
for destruction of odors varied with 
the type of sludge and conditioning, 
most sludges required a temperature of 
1,300°F for deodorization. At 1,250°F 
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the odors were appreciable and at 
1,200°F the odors were severe. 
Keefer (50) deseribed a new 


granulating process designed to reduce 


has 


the excessive amount of fines in heat- 
dried sludge. 
compaction by 


The process consists of 
the sludge 
through two steel cylinders rotating in 
opposite directions while subjecting the 
sludge to a of 150,000. psi. 
fragmented and 
fed into a granulating mill equipped 
with two rolls, each 9 in. in diameter 
and 6 in. long. 


passing 


pressure 


The sludge sheet is 


The space between the 
rollers was adjustable so that the size 
of the 
varied. 


could be 
The granulated sludge is then 
passed through vibrating screens for 


vranulated sludge 


size segregation. This process has sig- 
nificantly reduced the fines and with 
proper screen selection, the amount of 
oversize particles can be 
duced. 


greatly re- 


The agricultural disposal of sludge 
as practiced by the City of Nottingham, 
England, was discussed by Stone (114). 
The basis for final sludge disposal is to 
consider the land as a medium for final 
aerobie digestion with a view to physi- 
eally improving and 
riching the soil. In 
sludge 


chemically en- 
order to 
with erop 
production, the rate of 
sludge addition should not exceed the 
rate of its oxidation or removal in the 
soil, nor should the application time be 
large in relation to the time engaged 
in crop production. 


incor- 
porate 
rotation 


application 


and 


Based on a loss of 
5,000 to 6,000 Ib sludge organic matter 
per yr per acre, equilibrium conditions 
would apply if 200,000 gal of 5-per 
cent digested sludge were applied per 
acre every 10 yr or approximately 
100,000 Ib dry solids, or 50,000 Ib or- 
These loading factors 
would require 520 acres to dispose of 
sludge from a population of 125,000 
and total costs, including land pur- 
chase, facilities, and debit amortization 
would approximate $15 per ton dry 
solids. Operating experiences and ex- 


ganie solids. 


periments on 225 acres used primarily 
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for sugar beet production for the past 
4 yr are given. Sludge application has 
increased the yield of sugar beets but 
with a loss in sugar content. Diffi- 
culties have been experienced with 
manganese deficiencies at 35- to 40-per 
cent sludge application, and at 70-per 
cent, production failed. Jeffrey (45) 
studied the effect of sludge depth on 
the dewatering rates of digested sludges 
in “‘laboratory lagoons.’’ The results 
indicated that after 20 days the drain- 
age rate. is proportional to depth. Al- 
though the drainage in the first three 
weeks is erratic, it represents as much 
as 46 per cent of the total discharge for 
200 days. Tomato plants were em- 
ployed to measure the effect of tran- 
spiration. Using sludge of 8-per cent 
solids at a loading of 2.4 lb dry solids 
per sq ft per 30 days of lagoon opera- 
tion, during a 60-wk period it was 
found that drainage reduced the mois- 
ture content to 74 per cent, evapora- 
tion and drainage to about 60 per cent, 
and evaporation, drainage, and tran- 
spiration to than 50 per cent. 
sased on these studies, a procedure for 


less 


calculating lagoon dimension is given. 
Digested sludge from the San Diego 
treatment plant is being utilized for 
top soil improvement in the Mission 
Bay recreational area (S82 Previ- 
ously, sludge was sold as a fertilizer 
with a net cost of approximately $38 
per ton dried sludge for the years 1951 
to 1956. In addition, large quantities 
of sludge from the elutriator were being 
discharged into the bay. In an effort 
to dispose of the sludge at low eost 
with a net benefit to the City, the pro- 
gram of hauling and applying sludge 
to dredged park lands was pursued. 
With loadings up to 600 tons dry solids 
per acre, the present developable land 
ean absorb the digested sludge output 
for the next 20 yr. Hauling charges 
are based on volume at a cost of 0.0019 
per gallon which is equivalent to $9 
per ton at 5-per cent solids. The aver- 
age cost for disposal during 1956 to 
1959 has averaged $12.77 per ton sol- 
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In addition to the benefits to the 
land, the conditions in the bay have 
been greatly improved and there has 
been a corresponding decrease in ehlo- 
rine demand of the effluent. 

Research in the amino acid content 


ids. 


and transformations in sewage sludges 
is continuing in the India Institute of 
Science (116). Examination of raw 
sewage, primary sludge, alum sludge, 
septic tank sludge, activated sludge, 
and cow dung indicated that all the es- 
sential amino 
cept cystine in septic tank sludge. <Ae- 
tivated sludge the highest 
amount of each amino acid and a total 
of 231.3 mg/g sludge. 


acids were present ex- 


contained 


Inactivation of 
the protozoa in activated sludge greatly 
decreased the rate and amount of re- 
moval of amino acids from the sewage 
to the sludge. 


Composting 


Snell (109) ob- 
servations of composting practices in 
17 countries and 34 cities. Operational 
practices and experiences of windrow 
composting (Earp-Thomas, Dorr-Oliver, 
Dano, and T. A. Crane plants 
scribed. The 
tural, and 
should be included in any 
of community waste and refuse prob 
lems. It is felt that it should be pos- 
sible to produce compost at a cost of 
$2 to $4 per ton and to sell it, on the 
basis of its nitrogen, phosphorus, and 
potassium values at $8 to $15 per ton, 
equivalent to an increased erop yield 
per month of #40 per ton. 
Gotaas (33) has discussed in detail the 
important factors to be considered in 
the design and planning of refuse com- 
posting plants for cities. The unit 
processes described are refuse receiv- 


has deseribed his 


are de- 
public health, agrieul- 
economic considerations 


assessment 


to 


ing, separation and salvaging of scrap, 
and shredding or pulverizing the refuse 
preparatory to composting. 

The 35 ton pilot composting plant at 
Norman, Oklahoma, is described by Me- 
Gauhey (72). 
handpicked for salvagable and uncom 
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postable items, including rags, metals, 
and eardboard. The material is then 
processed through two grinders which 
pulverize and grind to a determined 
fineness. First-stage composting takes 
place in a 3-tiered cell. The partially 
ground again 
and conveyed to a second 3-tiered com- 
post cell. A third grinding is followed 
by sereen sieving and bagging. The 
author feels that composting has ‘‘come 


composted material is 


of age’’ from the standpoint of engi- 
neering and the necessity of commu- 
nities to seriously consider the process 
as a legitimate one for solving refuse 
disposal problems. 

Based on 3-yr operating experiences 
at Saeramento, Golueke (32) coneludes 
that it is an economically and tech- 
nically method of 


feasible handling 


refuse. The process consists of sorting 


the incoming refuse prior to grinding 


in a 25-ton hammermill erusher. The 
material is then conveyed to the com- 
posting unit which has a capacity of 
90 to 120 tons. Air water 
added along the drum which 
a temperature of 140°F. The deten 
tion time of 1 to 3 days produces a 
semi-stabilized 
eround and stacked in 
14 days with 2 to 3 


and are 


reaches 


compost which re- 
for 
turnings. The 
finished product contains 1.25 per cent 
nitrogen, 0.4 per cent P.O;, and 0.3 
per cent KO and ean be produced for 
less than $3.25 per ton. 

Israel (104 


scale garbage composting program in 


windrows 


has embarked on a full- 


an effort to produce sorely needed or- 
ganie fertilizers. Tel Aviv is designing 
a 500-ton capacity, fully mechanized 
plant at a cost of $1,100,000 while Haifa 
has recently completed a 60-ton plant. 
Composting the 880,000 cu m of gar- 
bage produced 
available about 


annually will make 
260,000 en 


post; a supply sufficient 


m of com- 
for 25 per 
The plants 
are being subsidized by the municipal- 
ities and the selling price of $2.80 to 
$5.00 per cu m for the compost should 
result in a profitable enterprise for 


cent of the country’s needs. 
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private interests. Davies (20) has 
briefly discussed two important con- 
siderations in adding sewage sludge to 
refuse for composting. One is the 
problem of insuring destruction of 
pathogens; the other is associated with 
the transport and moisture content of 
the sludge. Research results would 
indicate that a well-designed compost 
plant ean successfully process sewage 
sludge with refuse if the sludge is 
thickened to 70- to 75-per cent moisture 
content. Six to 10 tons per day of 
sludge, comprised of fermentation of 
antibiotics, pharmaceutical extracts, 
and sewage are composted at the 
Lederle Laboratories, Pearl River, N. 
Y. (28). Based on pilot-plant studies, 
a full-scale 150-day shredding and 
windrow process has been developed. 
The sludge is mixed with manure and 
sawdust in the weight percentage ratios 
of 65:25:10, to give an optimum blend 
from the standpoint of materials han- 
dling. The compost which is used on 
the grounds and sold locally, repre- 
sents the most practical method of 
treatment and disposal of the wastes. 
Toth (119) has estimated that there is 
sufficient organic residues available in 
the State to add one ton to all the eul- 
tivated land in New Jersey. The avail- 
able supply from garbage, sewage, and 
industry is 1, 0.5, and 0.2 million tons, 
respectively. The moisture, ash, nitro- 
gen, potassium, and phosphorus ¢con- 
tent of a large number and variety of 
industrial organies are given and their 
utility for land use is discussed. This 
potential, it is felt, should stimulate in- 
dustry to sponsor research to evaluate 
their wastes for agricultural purposes. 

Rodale (93) has indicated the im- 
portance of the expanding garden 
market for compost sales. On the 
basis of its nutrients and soil eondi- 
tioning properties, compost should at- 
tract a greater market than peat. The 
distribution and sales techniques are 
cited as important study areas for sue- 
cessful marketing of the product. Olds 
(84) (85) has presented information 
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on sales of sewage sludge. The prac- 
tices employed and prices received by 
numerous cities in the sale of sludge 
are noted. An increasing demand for 
the product is predicted and public 
education and dissemination of knowl- 
edge is deemed necessary for the de- 
velopment of the potential market. 

The objectives of temperature con- 
trol in composting are discussed by 
Snell (108). The composting process 
is divided into three stages, each with 
its optimum temperature range. The 
initial stages associated with break- 
down of sugars, require the low tem- 
perature, 100 to 110°F ; the intermedi- 
ate stage of protein breakdown requires 
moderate temperatures, 120 to 140°F, 
and a final high temperature stage of 
140 to 170°F. A temperature of 140°F 
for 1 hr will destroy most bacterial and 
protozoan pathogens in addition to 
weed seeds and fly larvae. 

Jann ef al. (44) have selected pH 
as a simple, rapid, and accurate method 
of determination of completion of eom- 
posting. By defining completion of 
composting as that stage which will not 
undergo anaerobic fermentation, the 
following test was developed. A 5-g 
sample is placed in a 20- * 150-mm 
tube filled with water. The tube is in- 
eubated at 55°C and the pH of the 
contents is determined. If the pH is 
alkaline, at 7.5 after 24 hr, the compost 
is considered a stable end product. 
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Detergents 


Malaney et al. (68) investigated the 
removal of anionic surface active agents 
from domestic sewage by pilot plant 
treatment devices. 
of anionic raw sewage, 
over a period of 28 months, averaged 
6.4 mg/l, ranging from 0.5 to 11.4 me 
The mean removal by sedimentation 
was 0.3 per cent; by activated sludge 
30.2 per cent, 
trickling filter. 

Hurwitz et al. (42), employing data 
from three plants in Chicago, 
firmed previously reported results, that 
approximately 50 per cent of ABS is 
removed in the activated sludge proe- 
ess. 


Jenkins (46) 


The concentration 
detergent in 


and 18.8 per cent by 


reported that the 1957- 


58 average concentration of synthetic 


detergents in the raw sewage of the 
Langley Sewage Works in Great Brit- 
ain was 30.1 mg |. This concentration 
was reduced to 20.1 mg! by sedimenta- 
tion and to 10.0 and 7.4 mg/1 by bio- 
logical filtration and grass plot treat- 
ment, respectively. The humus sludge 
contained approximately 1-per cent de 
tergent on dry matter basis. Digestion 
did not seem to destroy the detergent, 
most of which passed from the sludge 
to the liquor or the solids associated 
with the sludge liquor. 

The Standing Technical Committee 
on Synthetic Detergents (77) of Great 
Britain in its Third Progress Report 
stated that there has been no signifi- 
cant change in the average concentra- 
tions of synthetic detergents in sewage, 


effluents, and rivers. Domestic use of 
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liquid detergents has increased while 
that of powdered detergents has re- 
mained the same during the past two 
years. 

A large-scale trial of an alternative 
active material, more readily decom- 
posable biologically, begun at 
Luton in 1958. Complete replacement 
has not been accomplished as yet. The 
results so far indicate that a greater 
proportion of the new detergent than 
of the old product is removed during 
sewage treatment. The Committee ten- 
tatively concluded that substitution by 
the new detergent would substantially 
diminish the troubles associated with 
synthetie detergents. 

Hernandez and Bloodgood (38) ear- 
ried out laboratory studies on the ef- 
fects of an ABS on sludge digestion. 
It was concluded that a concentration 
of added ABS will be reached which 
will result in disruption of the diges- 
The relationship of ABS 
to total solids appeared to be the im- 
portant relationship. 

Lynch and Sawyer (64), in a labora 
tory study, found that surface active 
agents adversely affected oxygen trans- 


Was 


tion process. 


fer by bubble aeration and, in general, 
the interference increased with an in- 
Presence of 
tended to de 
crease the oxygen transfer beyond that 
caused by ABS. 

Maney and Okun (70), using Aero- 
sol O.T., found that the rate of oxygen 
transfer was reduced to a minimum at 
the critical micelle concentration. In- 
creasing the surface active agent be- 
yond this concentration caused a grad- 
ual the 
rate. 


crease in surface activity. 


salts causing hardness 


in over-all transfer 
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Lagooning 


The history, terminology, theory, and 
actual installations of sewage oxidation 
lagoons were discussed in a symposium 
at Kansas City (91 Much attention 
was given to practical applications in 
the different climatic conditions. Data 
controlling and 
operation of sewage lagoons in the Mis- 


design, construction, 
souri Basin states are summarized in a 
report by a subcommittee of the Mis- 
souri Basin Engineering Health Coun- 
eil (122 Due attention is given to 
changes in construction and operation 
as caused by local and climatic condi- 
tions, such as: (a) evaporation as in- 
fluenced by temperature and prevalent 
winds, ()) percolation as controlled by 
silty subsoil, and (¢) ice cover and its 
effect on biochemical action. The physi- 
cal structures, such as inlets, outlets, 
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and piping for circulation, are specifi- 
eally discussed. van Eck (121) has re- 
viewed stabilization pond literature 
from the U. S., Australia, Sweden, and 
other countries. He discusses the fune- 
tions of algae, bacteria, protozoa, and 
fungi, in regard to their interrelations. 
There are many tabulated reports from 
the various countries. The report is 
authoritative and inclusive. 

The role of algae, bacteria, and other 
organisms that bring about the sta- 
bilization of wastes in lagoon treat- 
ment, have been studied by a number 
of investigators. Pipes and Gotaas 
(92) report on the possibility of food 
production from the waste organic ma- 
terial. They used a pure culture of 


Chlorella pyrenoidosa, under 


controlled laboratory conditions. Their 
apparatus and methods are fully de- 
scribed, and results completely tabu- 
lated. A close correlation between the 
age of the algae (detention period), 
the soluble BOD, and the organie con- 
tent, were observed. The removal of 
the free swimming algae, such as Chlo- 
rella, from the culture medium is a 
problem because of their small size. 
Gaur ef al, (29) deseribe an experiment 
using a filamentous blue-green alga, a 
species of Oscillatoria, which ean be 
more readily removed. They illustrate 
their apparatus, give types of sub- 
strates employed, and the food sub- 
stances produced. Two types of algae, 
Chlorella and Scenedesmus, were used 
by Witt and Borchardt (129), in study- 
ing the removal of nitrogen and phos- 
phorus from plant effluents. 
The effects of light intensity were ob- 
served. The removal of P from the 
substrate was never complete, but it 
continued long after the absorption of 
N had ceased. The removal of P by 
algae was also studied by Bogan et al. 
(9). Even though under carefully 
controlled laboratory conditions such 
a process was found to be functionally 
sound, under field conditions inability 
to maintain adequate light intensities 
gave rise to relatively high treatment 
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costs. Accordingly, the process was 
modified to include pretreatment with 
lime prior to biological removal of P. 
A 3-yr study of algae, bacteria, and 
protozoa in aerobic and anaerobie pond 
systems has been initiated at Washing- 
ton State University (126 The waste 
reducing activities particularly are to 
be studied, noting especially the limita- 
tions of anaerobie conditions. The in- 
terrelations of the three types of or- 
ganisms, as well as the sludge decom- 
posing power of bottom-dwellers, are to 
be investigated. This is to be a bio- 
logical and chemical study of funda- 
mental principles. 

The possible production of food from 
waste matter is the 
Wilson (128) in his 
decomposition of 


main coneern of 


studies of algal 
organic matter in 
lagoons. The studies are related par- 
ticularly to facts of photosynthesis, 
both in a free and a controlled state. 
Oswald (838) has studied the efficiency 
of light energy conversion by pure eul- 
tures of algae. He found that effi- 
ciency increased as temperature, sew 
age concentration, and carbon dioxide 
increased. Efficiency decreased with 
increased light intensity, light exposure 
time, and detention period, Light 
availability was of major importance. 
Over-all efficiency ranged from 8 to 
12 per cent, but values of 3.5 to 4.0 
per cent appear conservative for design 
of oxidation ponds. 

There are and 
valuable reports of operation experi- 


several interesting 


ences with oxidation ponds. Claussen 
(15) has reported on a temporary sys- 
tem treating the Wallkom 
and Allanridge in Orange Free State. 
IIe deseribes the system in detail and 


sewage of 


gives the history of oxidation ponds in 


South Africa. The results of an ex- 
perimental study made during early 
stages are tabulated. Stone (113) has 


described waste stabilization basins for 
a desert sewage treatment plant. 

Much of the experience has come 
from colder climates. Kay (49) has 
reported in detail on lagoons in Mani- 
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toba, Canada, including locations, sizes, 
loading by population, and methods of 
operation as influenced by the northern 
climate. 
industrialization of 
Copp (18 


The effects of the inereasing 
Manitoba are dis- 
has reported that 
in many regions of northern Canada, 
the silty found 
fluences the water depth adversely, so 


cussed, 


soil commonly 
that additional fresh water may have 
to be added. He the 
effects of increased solubility of oxy- 


An ad- 


also discusses 
gen at the cold temperatures. 
ditional report, many re- 
spects, comes from Anderegg et al. (2). 
well-documented 
100-acre lagoons 
Canada (4 The City was foreed to 
enlarge its sewage treatment facilities 


similar in 
report of two 


from Regina, 


Comes 


to provide for an expected 1975 popu- 
lation of 120,000 led 
to adoption of lagoons for the treat- 
ment of the effluent from the remodeled 
primary treatment plant. 

An extensive test program at EI 
Centro, California, by Maloney et al. 
(69), revealed that the primary cause 
of the malfunction of sewage stabiliza- 


Circumstances 


tion ponds was the whey content of 


dairy entering the 


wastes sewer Sys- 
tem. The faet that these wastes had 
an accumulative ill effect was deter- 


mined. Poor pond performance was 
indieated by the low concentrations of 
dissolved oxygen and desirable algae, 
as well as by the presence of dissolved 
sulfides and hydrogen sulfide 
The addition of nitrates inereased the 
tolerance of the ponds to the dairy 
but 


odors. 


wastes in the sewage, not to any 
large degree. 

From Europe comes a deseription of 
123 
concentrated 
from a village of 1,000, together with 
the 


milk-produet 


an aerated lagoon This report 


deseribes how 


sewages 


waste of a slaughterhouse and a 
treated in an 
aerated lagoon laid out in the shape of 
a flattened cirele with an island at the 
center. The volume of 
79,300 gal, is 3 ft deep, and the an 


nular-shaped channel is 1214 ft wide 


plant, is 


lagoon has a 


j 
- 
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{ 
: 
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at the top. A wheel rotating at 75 rpm 
dips into the sewage, furnishing aera- 
tion. The bottom sludge of the lagoon 
is odorless and is periodically removed. 

O’Connor and Eckenfelder (83) have 
studied the application of the prin- 
ciples of aeration and oxidation to the 
design of lagoons. Theoretical labora- 
tory and field studies were considered. 
Equations were developed and applied 
to aeration in a lagoon, as related to 
temperature effects and solids accumu- 
lation. A typical plan and profile il- 
lustrate the 
proach to the problems. 


considerations and = ap- 
A design ex- 
ample is given, and data analyzed in 
the light of equations presented. In 
Orford’s accompanying discussion of 
the studies (S87), he gives a practical 
application of the ideas and theories 
developed. He points out some addi- 
tional problems that arise in actual ap- 
plication, relation to 
effects of bottom 


particularly in 
accumulation 
sludge. 


and 


Sewage Reuse 


The Talbert Water District (120) in 
Southern the effluent 
from the Orange County Sanitary Dis 
trict’s primary sedimentation plant for 


California 


Uses 


irrigation of such crops as have been 
approved by health officials. Preceding 
the full-scale installation, irrigation of 
a model farm of several acres was 
studied for three years to observe ef- 
feets on loeal soil and on subsoil pereo- 
lation. Strict regulations were adopted 
in regard to reservoir management, 
pumping from the treatment plant out- 
fall main, and salt accumulation in the 
soil. A similar application and study 
of sewage irrigation at Nottingham, 
England, is reported by Stone (114). 
The principal objective was sewage dis- 
posal, utilizing the purifying power of 
the soil. The relation between type of 


soil and its ability to absorb the sewage 


and destroy the organic material was 
studied. A 10-yr cycle was worked out 
for application of sewage, tillage, and 
rotation of erops. Numerous tables of 
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results of original investigations are in- 
cluded in this report. 

Chase (14) has emphasized the need 
for observing proper disposal methods 
in relation to spray irrigation of pas- 
ture and wooded areas, with domestic 
wastes. He gives explicit directions in 
regard to required pretreatment, al- 
flowable volumes condi- 
tions, spray nozzle arrangement, pre- 
vention of harm to foliage, and other 
details of application. Deep silty soil 
is preferable. Clay subsoil may lead 
to bad effects from absorption of so- 
dium through ion-exchange. 

Stone (115), and Sloan (107) have 
discussed Merz’s (76) report on sew- 
age effluents for golf courses. Stone 
emphasizes the need of long-time stor- 
age of the chlorinated effluent, improv- 
ing disinfection through prolonged 
chloramine contact time ; the fertilizing 
value due to potash, phosphate, and 
nitrogen content ; and proper engineer- 
ing planning to prevent chloride and 
boron poisoning of the soil. Sloan re- 
ports on the use of the effluent from 
the O0.5-mgd Virginia Keys activated 
sludge plant at Miami, Florida. The 
effluent, before being applied to a golf 


according to 


course, is treated by rapid sand filtra- 
tion, then diluted 


reduce chile: tent 
below 


with city water to 


from 1,500 to 
A re} Loewenstein (60 
merates 


enu- 
fiuents of a coal, 
oil, and gas norution of South Af- 
rica, totaling 10 to 11 mgd. To this is 
added a flow of 0.5 
mgd. The treatment of the combined 
effluents, preparing them for reuse, is 
explained. Numerous flow diagrams 
and tabulations of chemical character- 
isties are presented. Erlich (24) has 
reported that a master plan for collee- 
tion, treatment, and sea disposal of the 
sewage of Haifa, Israel, had been pre- 
pared for a future population of 450,- 
000. But consideration of the water 
needs of the region, both for agricul- 
ture and future industry, brought a 
change of plans. 


domestic sewage 


An American engi- 


- 
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neering firm was employed for chang- 
ing the plans so as to provide for future 
agricultural and industrial reuse of 
the treated The main fea- 
tures of the changed plans are included 
in the report. 

The need for the reuse of the total 
of Texas’ municipal wastewater is the 
emphasis of a report by Connell and 
Berg (17). An evaluation is given of 
the availability and reusability of 
Texas’ present total of treated sewage, 
more than 500 mgd. It is estimated 
that the total will exceed 1,000 mgd by 
1975. And it is that this 
should be used approximately as fol- 
lows : 50 per cent directly for industrial 
water supply; 25 per cent directly for 
irrigation; and the indi- 


sewage. 


reasoned 


remainder 


rectly for these purposes, plus domestic 


and recreation needs, soon after dilu- 
tion in raw water sources 

Berger (8) has presented a compre- 
hensive analysis of public health con- 
siderations as related to possible use of 
treated municipal water 
supply. He the knowledge, 
and emphasizes the lack of knowledge, 


sewage for 


reviews 


of the effectiveness of sewage and water 
treatment processes in removing patho- 
chemi- 
A eom- 

water 


harmful 
His final conclusion is: 
bination of current sewage and 
treatment processes should not be con 


genie organisms and 


eals. 


sidered adequate to convert sewage to 
safe drinking water. The recovery of 
the 99.9 per cent of pure water in sew- 
age requires further study of the mi- 
crobial and 
volved. Expanded 
vanced water 


necessary. 


chemical challenges in- 


research on ad- 


cleansing processes is 
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WHERE DOES RESEARCH STAND IN WATER 
POLLUTION CONTROL? 


Today many organizations with spe- 
cific interests as well as Congress are 
giving most serious consideration to the 
state of the nation’s water resources. 
There is a prominent position open in 
the front line of action to protect and 
preserve water resources for their high- 
est purposes. Hlow best to take ad- 
vantage of this opportunity is a collee- 
tive responsibility which can no longer 
be avoided, 

It may be quite appropriate to the 
times that such topics as this are 
phrased as questions. This appears to 
be a period of history characterized 
more by questions than by answers, or 
more by what is not known than what 
is known. While there may not be a 
real depression of progress in acquir- 
ing new knowledge in this field, it eer- 
tainly does not seem that there is at 
present a state of high prosperity of 
ideas. 

In keeping with the spirit a few 
questions will be asked in this paper. 
They are reasonably straightforward 
and they ean be answered at least in 
part. 

Who is doing research? What re- 
search is being done? What are the 
resources for doing research? Taken 
in perspective, these questions should 
provide the basis to probe more deeply 


H. G. Hanson is Director of the Robert A. 
Taft Sanitary Engineering Center of the U.S, 
Public Health Service in Cincinnati, Ohio. 
B. B. Berger is Chief of the Water Supply 
and Pollution Control Research at the Robert 
A. Taft Sanitary Engineering Center. 
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into the potential responsibility of this 
Federation. 


Who Is Doing Research? 


According to the recently published 
inventory of water supply and pollu- 
tion control research projects in the 
United States (1), 95 agencies were 
engaged in such research in 1958, the 
latest year for which relatively com- 
plete information was available (Table 
1). Two-thirds were universities; 15 
were industrial concerns and associated 
research laboratories; 11 state and in- 
terstate agencies and 3 municipalities 
were conducting research. single 
federal agency, the Public Health Serv- 
ice, completed this particular inven- 
tory. The introduction to this survey 
recognized that this first report did 
not include all work in progress, but it 
is the best source of data available. 

The greatest number of research 
projects, 205 out of a national total of 
280, were carried on by the univer- 
sities (Table 11). The Robert A. Taft 
Sanitary Engineering Center consti- 


TABLE I.—-Number of Agencies Engaged in 
Water Supply and Pollution Control Research 


(From Inventory of 1958 Research Projects) 


Type of Agency Number Per Cent 
University 65 68 
State and interstate 11 | 12 
Federal | 
Industrial 15 } 16 
Local | 3 

Total | 100 


i ; 
-- 
: 477 
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TABLE II.—Number of Water Supply and 
Pollution Control Research Projects 
by Type of Agency 


(From Inventory of 1958 Research Projects) 


Type of Agency 


Universities 

State and interstate 
agencies 

Federal agencies 

Industrial organi- 
zations 

Local agencies 


Total 100.0 


tuted the largest single focus of re- 
search with 25 active projects. 

A large proportion, approximately 
one-third, of 


was conducted by 


the university research 
departments other 
than that of Civil Engineering and 
Sanitary Engineering (Table III). 
The participation of these other de- 
partments was even more marked in 
research supported by the Public 
Health Service research grant program. 
This points to an expandable and ver- 
satile research resource, complementary 
to conventional sanitary engineerin 
resources. 


What Research Is Being Done? 


The most comprehensive review of 
current research in water pollution is 
the literature published an- 
nually (2). It both the na- 
tional and international effort. 

Most research projects in water pol- 
lution control will fall into one of six 
significant categories: (@) origin and 
behavior of treatment of 
wastes, (c) disposal of effluents, (d) 


review 


covers 


wastes, 


TABLE III.—Number of Research Projects 
Conducted by University Departments 
(1958) 


Item 


Depts. of Civil Engr 
and, or Sanitary 
Eng: 

Other Univ. Depts. 


JOURNAL 


WPCF May 1961 


monitoring and surveys, (e) 
treatment of water, and (f 
(Table IV). It may not 
prising that the number of 
projects in the 1958 inventory were in 
waste treatment. 


stream 
conserva- 
tion be sur- 


vreatest 


The general impres- 
sion from graduate students is that this 
is the area of greatest interest and ehal- 
lenge to them. 

However, many of the titles of the 
research projects listed in the inven- 
tory suggest a concern for improved 
techniques of waste analysis—in es- 
better 
of identifying and measuring wastes. 


sence a searching for methods 


TABLE IV.—-Nature of Water Supply and 
Water Pollution Research Projects 


Inventory of 1958 Research Projects) 
Nature of Researc! No. of Project 

Origin and behavior of wastes 

Sewage 

Industrial waste 
Treatment of waste 

Sewage 

Industrial waste 
Disposal of effluents 
Stream monitoring and surveys 
Treatment of water 

Process stud, 

Storage 


Conservation 


Total 280 


Here is an expression of a growing 
need for more precise understanding 
of contaminants and of the ability to 
remove or destroy them. 

[t may be 


search of 


that much re- 
particularly in the 
basic sciences, is being conducted by 


assumed 
value, 


agencies completely outside the field of 
water quality that 
may never have heard of workers and 
needs in this field. Effective contact 
with such research represents a most 
challenging problem of communication 
Kor 
example, a presentation of the problem 


control—agencies 


in scienee, but not insuperable. 


of analysis and removal of soluble ma- 


i 
Numibe Per Cent 
205 73.2 
25 8.0) : 
93 2 
6.1 
10 3.6 
4 
10 
é 
: 
Per Total Per Cent 
Total) Gent PHS PHS 
135 | 68 3 
64 32 is | 57 
- 
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the recent 
Gordon Research Conference on Sepa- 
ration and Purification elicited a most 
encouraging 


terials in water’ before 


response from the seien- 


tists present. A number of them, pre- 
completely this 


problem, have indicated their willing- 


viously unaware of 


ness to undertake fundamental work 
significant to these interests. There is 
need for more of this kind of com- 


munication. 


What Is the Resource for 
Doing Research? 


The universities—more specifically, 
their departments of civil engineering 
the 
engaged in 
water supply and pollution control re- 
search. These institutions the 
Robert A. Taft Sanitary Engineering 
Center constitute the hard core of such 
research in the United States. An ex- 
amination of these staffs should, there- 
indicate the extent of the effort 
and ability to cope with new and dif- 


and or sanitary engineering 
major 


are 
foel of personne] 


and 


fore, 


ficult problems of water quality pro- 
tection. 

A recent listing of university staffs 
3) showed that only 218 persons as- 
sociated with departments of civil en- 
gineering and sanitary engineering de- 
voted all or part of their time to water 
supply and pollution control research 
Table V). 


neers, 24 were chemists, 27 were micro- 


Of these, 160 were engi- 


biologists, 3 were aquatic biologists, and 
4 were physicists 
of these 
workers is 


The man-year equiv- 
218 full and part-time 
about 100 (not ineluding 
The professional staff of 
the Sanitary 


alent 


students 
Center in 
Of these, 
12 are engineers, 16 are chemists, 7 are 


Engineering 
this same area numbers 45. 


microbiologists, and 10 are aquatie bi- 
ologists. The major resource of re- 
search personnel, therefore, mumbers 
263 and something like 150 
man-years in all disciplines. To this 
should be added persons associated with 
university departments other than that 
of civil and sanitary engineering, with 


persons 


479 


TABLE_V.—Personnel Engaged in Water Sup- 
ply and Pollution Control Research in Uni- 
versity Departments of Civil Engineering 
and Sanitary Engineering and at the 
Sanitary Engineering Center 


(From Sanitary Engineering Education 
Directory) 


Number at 


Number at 
Professional Disc line Universities 


Engineers 160 12 


Chemists 24 16 
Microbiologists 27 7 
Aquatic biologists 3 10 
Physicists { 0 

Total 218 45 


state and interstate agencies, with in- 
dustry, and with local agencies. Un- 
fortunately, the numbers of such per- 
sons have not been reported. However, 
assuming a figure of 150 for these 
groups, it may be estimated that 400 to 
450 professionally trained persons, full 
and part-time, are engaged in water 
supply and pollution control research 
in the United States. 

In 1958, $3.5 million from all sources 
was estimated to be spent in support 
of water supply and pollution control 
research (Table VI). Approximately 
one-half was contributed by the fed- 


eral government through direct  re- 
search operations and by research 
grants. State and interstate agencies 


made $928,000 available for research, 
a large part of this sum representing 
federal grants-in-aid to these agencies. 
It was reported that industry spent 


TABLE VI. Amount of Water Supply and 
Pollution Control Research Suprort 
by Type of Agency 
(From Inventory of 1958 Research Projects) 


Type of Agency Amount Per Cent 
Universities S$ 143,000 4.1 
State and interstate 928,000 26.5 
Federal 1,878,000 53.6 
Industrial 404,000 13.3 
Local 87,000 2.5 

Total | $3,500,000 100.0 
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$404,000 for research—there must be 
much more than that—and that 
sums were contributed by 
and municipalities. 

The nation’s developed resource for 
research in water supply and pollution 
control seems extremely small, if, with 
a population of 170 million, only 450 
persons are engaged in research to pro- 
vide the knowledge necessary for pro 
tecting the quality of the water re- 
Looking at it another way, of 
the gross national product of $500 bil- 
lion, only $3.5 million, or approxi- 
mately $7 per $1 million of product, 
was spent for water pollution control 
research. Compare this with the $16,- 
000 per million dollars of gross na- 
tional product spent by industry on re- 
search to develop new products, the 
production and use of which contrib- 
ute heavily to the problem. The lack 
in the waste and water treatment 
plants of laboratories well-equipped 
and staffed for investigative work, has 
been commented on by 
leagues, who note also a lack of in- 
vestigative work by local jurisdictions 
as compared to their earlier substantial 
contributions. While investigative ac- 
tivity by local plants appears to be on 
the decline in this country, just the 
reverse trend taking 
place in England and other countries 
in Europe. The latest information 
available indicates approximately 150 
laboratories in waste treatment plants 
there are engaged in investigative work. 

Even more the report 
that in the entire nation only three 
physical chemists are known to be en- 
gaged in research on water quality pro- 
tection. This does not include physical 
chemists so employed by industry. The 


lesser 


universities 


source. 


foreign eol- 


appears to be 


startling is 


very low numbers of chemists, micro- 
biologists, aquatic biologists, and other 
this 


scientists conducting research in 


field should be a matter of concern to 
all. 

The paucity of research personnel is 
not the only somber note provided by 
this analysis. 


One senses a fragmenta- 
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tion of program, a lack of coordination 
among projects, over-attention to re- 
finements on one hand and inattention 
to major problems on the other. 

Given the small research resource de- 
scribed, there might be hope for its 
best use through efficient cooperation 
Unfor- 
tunately, joint planning at least is the 
exception, hardly the rule. A 
example of its lack is seen in relation 
to the development of the waste sta 
bilization pond method of treating sew- 
and industrial Probably 
no recent development in the field of 
sanitary engineering has excited the 
interest of municipal officials and the 
lay public as readily as has this cheap, 
effective method of 
Industry also has shown a mounting 
interest in employing — stabilization 
for treatment of industrial 

In spite of this nation-wide 


and planning among agencies. 


age Wastes. 


treatment. 


seWwave 


ponds 
wastes. 
interest which clearly responds to an 
important need, research on the funda- 
mental principles of pond performance 
and on the development of design eri 
teria remains fragmentary, uncoordi- 
nated, and spotty. 
tion as to 
diverse agencies to cooperate effectively 


There is specula- 
whether it is possible for 
in sanitary engineering research enter- 
prises. 

The foregoing description of the size, 
composition, and distribution of re- 
search resources is intended to convey 
an idea of what there now is to face 
the problems of the future. Attention 
should now be directed to the adequacy 
of knowledge with 
pollution control. 

While the research resource remains 


respect tO water 


small and almost static, the problems 
at hand are increasing in number and 
complexity. the 
these problems will become even more 
difficult. Already they extend to every 
facet of the and fate of a 
waste in receiving waters and its ef- 


nation grows, 


behavior 


fects on important water uses. 
The shape of this multiphased water 
quality problem now discernible may 
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be outlined. However, it is not neces- 
sary to stress the gloomy or discourag- 
ing aspects of the situation. Rather, 
this should be considered an essential 
preliminary to a course of positive aec- 
tion. 

The problems are presented as ques- 
tions, starting with the origin of the 
waste and terminating at the point of 
water use: 

1. Can there be an accounting for 
all of the wastes reaching streams? 

2. Can the pollutional character of 
new wastes be predicted ? 

3. Can wastes be treated adequately ? 

4. Is effective 
ceiving water? 


use made of the re- 
5. Can receiving waters be monitored 
intelligently and effectively ? 
6. Can polluted water be effectively 
treated for reuse? 


Each question will be discussed briefly. 


Accounting for All of the Wastes 
Reaching Streams 


Water pollution 


normally is asso- 
ciated with sewage and industrial 
wastes. Only recently has there been 


a consideration of the growing pollu- 
tional effect of land drainage, particu- 
larly that from agricultural lands. 
Even more recently has there been an 
awareness of pollution resulting from 
chemical poisons deliberately applied 
to the water course to kill weeds, insect 
larvae, fish, and other forms of aquatic 


life. Thus, there are at least four 
major avenues through which man- 
made pollution may reach streams: 


sewage, industrial wastes, land drain- 
age, and direct chemical applications. 
A fifth actual significance has 
yet to be evaluated is the underwater 
emission of motor exhausts. 


whose 


These, then, are the major ledger 
entries. Difficulty is encountered when 
proceeding with the accounting. First, 
it is possible to account qualitatively 
and quantitatively for only one-third 
of the soluble organies in the effluent 
from secondary sewage treatment. The 
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situation with respect to industrial 
wastes is much worse. As for chemi- 
eals from land drainage and sources 
other than the easily located sewer, 
there can only be a guess. 


Predicting the Pollutional Character 
of New Wastes 


Can there be a reasonable predic- 
tion of the effect of the waste on the 
dissolved oxygen of the stream, its 
toxie effect on fish and other aquatic 
life, its tainting effect on fish flesh, its 
possible damage to water treatment 
processes, its effect on water palata- 
bility, and its short- or long-term effect 
on persons who drink that water? 

Experience indicates that a_well- 
equipped and well-staffed laboratory 
can obtain the information needed to 
predict with reasonable confidence, the 
probable impact of a new waste on 
certain important downstream water 
Ilowever, the procedures are 
somewhat expensive and time-consum- 
ing and the laboratories available are 
few. Henee, the effort is not widely 
made. The toxicological phase of char- 
acterizing a waste is perhaps its most 
perplexing aspect. The specialized 
services and cost necessary for deter- 
mining the effect of repeated exposure 
to low concentrations of the waste for 
long periods would inevitably place 
this job out of reach of most public 
agencies. 


uses, 


Equally discouraging, per- 
haps, is the probability that the toxi- 
ecological study may take two years or 
longer. There is urgent need for a 
more economical and more 
procedure, a presumptive 
prompt determination of the potential 
of a compound for harming man. It 
is hoped that colleagues in the fields 
of physiology and toxicology accept 
this challenge. The recent seminar on 
‘*Physiological Aspects of Water Qual- 
ity’’ sought to stimulate their interest. 


sensitive 
test, for 


Adequate Treatment of Wastes 


Many yardsticks of strength and 
character of wastes are in use: BOD 
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is unquestionably the most common. 
With the best treatment processes avail- 
able, a BOD approxi- 
mately 95 per cent may be obtained. 
A reduction in BOD 
that the objectionable mineral 
nitrates, and phosphates, have been re- 
moved. Just the opposite effect is pro- 
duced in sewage stabilization by 
ondary treatment—nitrates are in- 
creased. Likewise, many of the soluble 
organic constituents of wastes are not 
removed by secondary 
waste treatment processes. Many per- 
sistent organics discharged in sewage 
and in chemical industry wastes do not 
have a BOD. 
oxidizable or they exert their oxygen 
demand so slowly as to be considered 
non-oxidizable. 
sharp reduction in BOD gives no as- 
surance that such compounds have been 
removed or destroyed. How, there- 
fore, ean there be control of such per- 
sistent substances found to be unde- 
sirable ? 


reduction of 
does not mean 


salts, 


s$ec- 


conventional 


They are essentially non- 


Obviously, even a 


Effective Use of the Receiving Water 


More and more it appears that there 
ean be less and less dependence on 
the stream to treat 
Its capacity will have to be reserved 
for unsewered wastes, for a factor of 
safety, and for the residual demands 
of inereased 
wastes after they have been given the 
best possible treatment. 
available knowledge and experience on 
lateral mixing and dispersion of wastes 
in streams should permit effective use 
of the stream’s capacity for dilution. 
At present, streaks of waste may often 
be traced many miles along a water- 
Obviously, the effective dilu- 
tion capacity is not being used. This 
often poses stream sampling problems 


sewered wastes. 


volumes of sewered 


Presumably, 


course. 


beeause of variation in waste conecen- 
tration in a cross-section of a stream. 
It also raises pertinent questions re- 
garding the adequacy of outfall design. 
There may be some speculation as to 
what use is being made of the science 


of hydrodynamics. 
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Many have personal knowledge of 
the relatively poor state of the art of 
The 
field of sanitary engineering offers no 
question more profound than the fol- 
lowing: ‘‘What is the fate of a par- 
ticle of waste discharged into a mass 
of tidal water?’’ Every one of the 24 
coastal and Gulf states will inevitably 
seek an answer to this question, a re- 


waste disposal into tidal waters. 


search task for colleagues in oceanog- 


raphy. 


Intelligent and Effective Monitoring 
of Receiving Waters 


The monitoring problem has three 
to define what 
constitutes meaningful data for a given 
water to apply appropri- 
ate analytical 


important phases: (a 


resource ; 
sampling and proce- 
and (c) to fit these data into a 
most practical scheme of water uses, 
This 
but it eovers the 
entire scientific base for water quality 


dures : 


waste discharges, and stream flow. 
is a Simple definition 
management. It offers tremendous op 
portunity for research on instrumenta 
tion, and on information recording and 


use. 


Effective Treatment of Polluted 
Water for Reuse 


The main funetion of the modern 
water treatment plant is to remove par 
ticles suspended in the water, and to 
destroy microorganisms that 
flocculation and_ filtration 

Except for removal of 
hardness, little attempt is made to re- 
move soluble chemicals in drinking 
water. Where taste and odor are highly 
objectionable, carbon is usually applied. 


manage 
to survive 


procedures. 


But carbon is selective in its aetion, 
and sometimes it is ineffective. «There 
actually is little known about the prin- 
ciple of adsorption as it applies to the 
Moreover, there is no 
assurance that ‘harmful substances in 
solution will signify their presence by 
producing taste and odor. Here, as in 
treatment, interesting research 
opportunities exist. For it is certain 


use of carbon. 


waste 
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that more and more water must be re- 
used again and again. 


The Problem of Separation and 
Purification 


Emphasis on the relative crudeness 
of techniques for separating and iden- 
tifying contaminants, particularly com- 
plex organie compounds, has been de- 
liberate. This difficulty underlies many 
important problems. It is encountered 
in characterizing composition of a 
waste, in treating biologically resistant 
organics, in examining polluted waters, 
and in purifying water for municipal 
and other The dissipation of 
major uncertainties in dealing with 
these contaminants the de- 
velopment of highly effective means for 
their separation and analysis. 

The 


has recently 


USeS. 


hinges on 


Engineering Center 
initiated in the 
improvement of separation techniques. 
Principles of essentially 
new to sanitary engineering, though 
not in the field of will be 
studied for the application to prob- 
lems in sampling, concentration, and 
purification. In this program it is 
proposed to explore, largely through 
contract research, such techniques as 


Sanitary 


research 
separation 


scrence, 


foam fractionation, emulsion fractiona- 
tion, freezing, polymeric ion exchange, 
hydration, modified adsorption 
techniques, membrane processes, and 
other separation procedures based on 
fundamental principles of physical 
chemistry. 


vas 


These separation phenomena may be 
new to many. More will be heard 
about them in the future. Within 
present working lifetimes laboratories 
will be using such procedures to refine 
analytical procedures and define dif- 
Further in 
the future they may be expected to 


ficult pollution problems. 


serve as the basis for development of 
new purification methods. 

Some may feel that the time is not 
that the 
need is not urgent enough—that the 


yet for this kind of approach 
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problem today is not sufficiently eriti- 
cal. This may be so. But nature is 
not always quick to reveal her secrets. 
Experience indicates that a lag of 20 
years between discovery and practical 
application is not uncommon. By that 
time new practical applications will be 
needed. 


Recommendations 


Many questions have been posed. It 
is only fair that possible courses of 
action be suggested. There is of course 
no panacea, and none is offered. Spe- 
cifically, it is proposed that those in 
the profession formally pool their in- 
telligence in a coordinated effort to 
develop a national program of research. 

There is precedent for this approach. 
In the field of oceanography the pro- 
fession has developed a comprehensive 
program designed to bring the science 
of oceanography to a level commensu- 
rate with the problem and needs. This 
has been a coordinated national effort. 
It has received wide attention by pub- 
lic and private groups, the Congress, 
and the President’s Science Advisory 
Committee. Currently this same Com- 
mittee is reviewing the national effort 
in the field of atmospheric sciences. 

There is more than one avenue of 
approach to parallel action by the pro- 
fession. The Federation itself might, 
for example, undertake to convene ap- 
propriate groups to plan and inaugu- 
rate a national program. Through the 
recent National Water Pollution Con- 
ference the nation’s attention was di- 
rected to the need and to a course of 
action. 

To sum up—population growths, in- 
dustrial development, and scientifie dis- 
covery itself, forecast an unprecedented 
and almost unpredictable set of de- 
mands on water resources. An ava- 
lanche of wastes, old and new, will chal- 
lenge waste treatment technology and 
water quality control as never before. 
Present waste treatment and water 
quality control resources, and their 
rate of development, do not appear 


ii 


484 JOURNAL WPCF May 1961 


adequate to future needs. Much is References 

heard about ‘breakthroughs, mostly 1, ‘Water Supply and Pollution Control Re 
in the sense of scientific discovery. It search Inventory Active Projects.’’ 
is suggested that what is needed is a U. S. Department of Health, Eduea 

the aren water pollution control — 2. ‘fA Review of the Literature of 19 on 
search effort. rhe opening theme Wastewater and Water Pollution Con 
presented ‘‘questions.’’ A question is trol.’? THis JourNAL, Annually in 
offered to close the discussion. Will the issues. 

3. ‘‘Sanitary Engineering Edueation Diree 
this Federation assume real leader- 
ship toward achieving such a ‘‘break- ing Intersociety Board, Ine. (Jan. 
through? 1960 


tory.’’ American Sanitary Engineer 


NEW JERSEY MEETING 


OF MORE THAN 30 


FEDERATION 


Prominent representatives to the 46th Annual Meeting of the New 
Jersey Water Pollution Control Association are shown in front of the 
Federation public relations booth. Those shown are Michael S. Kachor- 
sky, President of the New Jersey Association ; Maurice Brunstein, Super- 
intendent of the Atlantic City Water Department; Robert S. Shaw, Chief 
Engineer of the New Jersey State Department of Health; and Sylvan 
C. Martin, Regional Engineer for the Public Health Service, New York 
City (Photo, courtesy Philadelphia Inquirer). 
The New Jersey meeting is one of several at which the Federation ’ 
publie relations display will be shown this year. 
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| REPAIRS TO CHELSEA SEWER 


| Paul P. Henderson 


It would appear at first impression 
to be unreasonable to assume that a 
report on the repair of 200 ft of a 


trunk sewer could be of interest or 
value. However, considering the proj- 
ect reported herein with respect to 
some of the unusual problems en- 


countered and how they were met, a 
certain amount of benefit might be 
derived. 

Although no one thing can definitely 
be pointed out as the major cause for 
a failure such as the one under discus- 
sion, several factors common to other 
older trunk sewers built 
tidal large 
waterways, could contribute singly or 
collectively. 


in eoastal or 
regions, or in the area of 
The following possibilities 
might be considered: 


1. Movement of the subsurface water 
due to hydrostatic pressure of tidal ae- 
tion, eventually changing the ground 
structure and the stability of the sewer 
foundation (this sewer was 10 to 15 
ft below mean low water 

2 the subsurface 
construction of 
deep foundations, footings, or piers for 


Disturbance of 
ground structure by 
new elevated highways, bridges, or size- 
able commercial buildings nearby (in 
this instance, piers for the Mystie River 
Bridge 

3. Disturbance of the foundation 
base as the fines are carried off in the 


underdrain (borings showed fine wet 


Paul P. Henderson s Senior Civil Engi- 
neer, Construction Division, Metropolitan Dis- 
trict Commission, Boston, Mass. 

The paper was prese nted at the 33rd An- 
nual Meeting of the Water Pollution Control 
Federation in Philadelphia, Pa., October 2-6, 
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sand in the vicinity of the Chelsea 
sewer break). 

4. The pattern of laying brick in old 
trunk sewers around the turn of the 
century (this section had a _ vertical 
joint for the full 16-in. thickness of the 
invert, a situation conducive to frae- 
ture). 

5. Corrosion and erosion of the steel 
plates over the arch, with resultant 
leaking of ground water through a 
cracked or weak masonry joint (this 
section is entirely below ground water 
level). 


Whatever the eause, the effect is 
known. Fines carried off through the 
rupture in the sewer conduit create 
larger and larger voids, which in turn 
increase the size of the original break 
or cause new ones. Eventually a seri- 
ous condition develops, necessitating 
repairs of major proportion. Such re- 
pairs constitute the scope of this paper. 


Historical Background 


To understand fully the events lead- 
ing up to the failure of the Chelsea, 
Mass., trunk sewer, a brief description 
and history are given. The Metropoli- 
tan sewer involved was completed in 
the summer of 1893. Elliptical in 
shape, it was of brick and mortar con- 
struction, built partly as cut and cover 
with sheeted trench and partly as 
tunnel. 

The break occurred in the tunnel 
section. This section was formed from 
the invert to 18 in. above the spring 
line by placing 16 in. of brick masonry 
on 2-in. wooden lagging, and from 
that point by lining the 3-ft by 1-ft 
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steel plates forming the tunnel arch 
with a minimum of 12 in. of brick 
masonry. The trunk sewer at this 
location had inside finished dimensions 
of 8 ft 10 in. by 9 ft 414 in., with the 
invert approximately 45 ft below origi- 
nal ground surface. 

Trouble first developed in the spring 
of 1948 when a City of Chelsea Water 
Department employee jumped down 
into a water service excavation 4 ft 
deep and disappeared from. sight 
his body, pressed against the outside 
of the sewer, was not found and re- 
covered until 7] had elapsed 
Under ensuing contracts the sewer was 
inspected and found to have two eross- 
sectional cracks and a crack along the 
arch of the sewer for a distance of ap- 
proximately 100 ft. On the advice of 
a soil consultant it was decided to 
stabilize the soils in this area by pres- 
sure grouting from 1 ft below the in- 
vert to 10 or 15 ft above the trunk 
sewer. This operation, although ac- 
companied by a few local sewer stop- 
pages and disconcerting eruptions in 
adjacent cellars, 
October 6, 1949. 

No further trouble was experienced 
with the Second Street until 
May 1954, when two holes—apparently 
1 ft in diameter and 1 ft in depth—ap- 
peared in the gutter line paralleling 
the Metropolitan District Commission's 
42-in. cast-iron water main. Investiga- 
tion showed the holes to extend under 
the sidewalk over the water line; ap- 
proximately 35 ft of the line was un- 
covered, but no leaking joints were 
found so the pipeline was backfilled 
and the sidewalk repaired. 

Holes again appeared in the street 
surface of Second Street, Chelsea, on 
April 1, 1955. House sewer services 
were found to be broken and the 24-in. 
local sewer was partially filled with 
sand and clay. This condition seemed 
to account for the holes and settlement 
in the area. 
with the hope that this would end the 
series of voids. 


days 


was completed on 


sewer 


The sewers were repaired 


Ilowever, on May 7, 
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1955, a large hole appeared opposite 
this location. This filled with 
gravel. Again on May 28 another hole 
opened in the center of Seeond Street. 
This also was filled. 


Was 


The final opening appeared on June 
6. In a matter of hours a pit 20 ft 
deep and 20 ft in diameter grew, with 
materials funneling through a_ hole 
about 4 ft in diameter at the bottom. 
Hay and miscellaneous fill were dumped 
into the void to stop the enlarging of 
the hole, which by this time threatened 
to undermine the foundations of the 
three-story tenement houses along the 
street. Emergency action was taken 
who had a 
piling was 
Driving of sheet- 
ing was begun immediately to prevent 
loss or collapse of the adjacent dwell- 


ings. 


and contractor 


steel Z 


pressed into service. 


large 


supply of sheet 


Preparation for Repair 


The sheeting was originally intended 
to enclose an area 18 ft wide and about 
75 ft long, but earlier in- 
spection of the interior of the trunk 
sewer and the eracks noted at 
that time, the sheeted area was ex- 
tended to almost 200 ft 
the entire city block. 


based on 
arch 


practically 
An over-all view 
of the work site is shown in Figure 1. 
A double row of 40-ft Z sheet piling 
was driven along both sides of the loea- 
tion; the inner row to about 5 ft be- 
low the invert of the trunk sewer and 
the outside line until the tops were 
near ground level. As excavation pro- 
ceeded 14-in. H-beams were set as both 
walers and cross-braces. As an extra 
safeguard to ensure that the 14-in. H- 
beam walers would be better able to 


withstand not only the terrifie pres- 
sures existing on the outside but also 
the stresses incurred or indueed by the 


shock and 


vibration of pile driving, 
14-in. steel plates were eut to fit the 
webs of the their 
These plates were welded on 
the top and bottom of the walers at 
every intersection with cross-members. 


H-beams between 


flanges. 
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The added strength, rigidity, and 
safety produced by these plates more 
than made up for the delay of welding 
them into place. 

Local sewage was bypassed through 
a 15-in. steel pipe fastened to the sheet- 
ing, with temporary connections cut in 
for house Old truck tire 
tubes and stove pipes worked excep- 
tionally well in this capacity. The 


Services, 


discharge end of the steel pipe was 
connected directly to the trunk sewer 


FIGURE 1.—Over-all view of work site on 
repair of Chelsea, Mass., trunk sewer. 


downstream from the break. 


rary 


Tempo- 
connections were 


service 


water 
made in the usual manner. 


After the temporary local services 
had been taken care of and the area 
had been adequately protected for 


safety, the first serious consideration 
was given to the details of repairing 
the old Fortu- 
nately, a new relief sewer had been 
constructed in 1938 paralleling the 
trunk sewer although still several hun- 
dred yards away. With this as a 
means of eliminating the main sewage 


Metropolitan sewer. 
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FIGURE 2.—Sandbag dam installed up- 
stream in brick trunk sewer to collect local 
sewage inflow for bypass pumping. 


flow coming from the north, it was de- 
cided to place a bulkhead in the trunk 
sewer approximately two miles up- 
stream, forcing the sewage to reverse 


flow through an existing cross-over 
and discharge through an overflow into 
the relief sewer. Another bulkhead 


was placed within the confines of the 
excavation just downstream from the 
break. 

These bulkheads were made up of 
10-in. and 12-in. steel I-beams used as 
uprights and cross-members, with ap- 
proximately 5 ft the front 
face and the back The front 
face of each bulkhead was made up of 
3-in. by 12-in.  tongue-and-groove 
planks; 14-in. thick rubber 10 in. wide 
was placed ‘‘shiplap’’ laterally along 
the front face. The 5-ft 
tween the two faces 


between 
face. 


interval be- 
with 


was filled 


FIGURE 3.—Steel-plate sluice in down- 
stream bulkhead to relieve storm water 
flooding. 
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FIGURE 4.—Installation of wellpoints 
to control ground water flow into excava- 
tion. 


clay, and irregularities in the face 

structures were filled by sandbags. 
Now that the flow was elimi- 

nated, provisions were made to care 


main 
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for the local sewage of those sections 
of the cities of Everett and 
that discharged into the trunk sewer 
between the upstream bulkhead and 
the location of the break. <A 5-ft high 
sandbag dam was built inside the brick 
sewer upstream 


Chelsea 


(Figure 2). Two 6- 
in. centrifugal pumps, driven by elec- 
trie motors and designed to handle ap- 
proximately 7 mgd, were installed on 
a platform just above the trunk sewer. 

Unhappily, during later rain and 
snow storms, it learned that the 
loeal sewers of the two cities were in 


Was 


many instances combined systems. 
After the work was flooded out twice, 
a third trash pump 8 in. in diameter 
and designed to handle 5 to 6 mgd was 
installed, giving total pumping ea 
pacity of 12 to 13 mgd for local sew- 
age. This, unfortunately, still proved 
to be insufficient capacity to handle 
heavy downpours—but the 


albeit 


condition 


was accepted, with great re- 
luctanee. 

It ean be readily understood that 
during these overflows the downstream 
bulkhead provided an unwanted dam. 


To reduce this undesirable flooding and 


to cut down on the pumping time for 


return to work, a sluice made of 1%4-in. 


steel was installed in the downstream 


bulkhead. This sluice (Figure 3) was 


FIGURE 5.—General view at Station 19 


75 during excavation. Note 


wellpoint headers at left and right, and 15-in. temporary local sewer at 


upper left. 
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FIGURE 6.—General view at Station 
18 + 75 during excavation. 


approximately 244 ft high and 31% ft 
wide, with a plain but effective steel- 
plate flap on the downstream end. 
When it rained the flap was opened 
and the overflow passed through the 
sluice, no longer necessitating removal 
of all the pumping equipment from the 
platforms. 

Ground water was controlled by the 
use of 80 wellpoints (Figure 4) dis- 
tributed along the inside of the sheet- 
ing and connected to 8-in. header lines. 
Pump capacity was provided by an 
1,800-gpm diesel pump with a 1,200- 
gpm gasoline pump for standby and 
auxiliary use. A ‘‘mop’’ was attached 
to the diesel pump to take care of 
local water within the excavation. Gen- 
eral views of the exeavation progress 
are shown in Figures 5 and 6. 


Construction and Repair 


In designing the replacement for the 
old brick sewer, it was decided that 
96-in. reinforced concrete pipe would 
be used, connected by a cast-in-place 
transition at the downstream end. At 
the upstream end of the break a stop- 
log chamber was called for. In effeet 
it was to be a multi-purpose structure. 
It would serve as a transition between 
the old elliptical sewer and the new 
round one, would provide the means 
for shutting off flow downstream for 
inspection of the old trunk sewer, and 
in the event a future break or failure 
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FIGURE 7.—Pile-driving operations at 
about Station 19 + 50. 


oceurred a_ bricked opening could be 
removed and an emergency pipeline 
connection made to the previously men- 
tioned relief sewer. 

Wooden piles were driven (Figure 
7) for support of the stop-log chamber 
and pipeline. At times, due to the 
pile driving, the bottom of the exeava- 
tion became ‘‘active.’? This was in- 
creasingly true as the job progressed 
and the efficiency of the wellpoint 
system decreased. As the fines and 
water bubbled up in a mild artesian 
effect around the pile being driven and 
those in close proximity, it was found 
possible to check the ‘‘action’’ by ex- 
cavating around the piles and packing 
with crushed stone. Cutoff grade for 
the piles was 2.5 ft below invert and 
1 ft above subgrade. 


FIGURE 8.—Pile arrangement and 6-in. 
crushed stone blanket. 
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FIGURE 9.—Reinforced concrete mat 2 ft 
thick stabilized trench bottom. 


A 6-in. blanket of crushed stone was 
then spread over the entire bottom 
(Figure 8) and a 2-ft reinforced con- 
crete mat (Figure 9 
the trench 
steel sheeting. 


was placed across 
between the side walls of 

To prevent damage to the conduit in 
the event voids might occur beneath 
the mat due to some future fracture in 
the old section of the sewer, 14-in. ply- 
wood was set as a continuous vertical 
slipjoint at the two outside edges of 
the pile pattern. 

Next, the pipe was set on precast 
and a cradle of 
crete was placed underneath and 2 ft 
up the sides of the pipe Figure 10 

The downstream transition section 
was originally intended also to be con- 
structed on piles; but the ‘‘boiling’’ of 
the bottom became so hazardous in this 
area during any attempt to drive piles, 
that another method of stabilizing the 


conerete blocks con- 


FIGURE 10.—Concrete cradle beneath 
and 2 ft up sides provided further pipe 
support. 
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ground had to be employed. An addi- 
tional 214 ft was dug out and the area 
was filled with crushed stone. Extra 
reinforcing steel was added to the mat 
and the transition concrete was placed. 

Finally the breach had been closed. 
The two main bulkheads and the sand- 
bag dam were removed and once again 
flowed in a normal manner 
through the Metropolitan trunk sewer. 
At the location of the bulkhead 2 miles 
upstream, a 


sewage 


novel method was eon- 


ceived to replace the section of arch re- 
A sheet of 10- 
gage steel was used as the inside form. 
It was held in place and shaped to the 


moved for installation. 


FIGURE 11.—Proper compaction was 
obtained by using pneumatic tamps on each 
layer of gravel or tunnel muck, then wet- 
ting the fill with a fire hose. 


arch by means of turnbuckled cables 
attached to clips welded onto the steel 
sheeting originally driven 
ment of the bulkhead. Reinforcing 
was cut to fit and to bridge the open- 
ing ; 


for place 


concrete was placed, making an 
effective seal and cap. 

Backfill was placed under ideal con- 
ditions, both from an engineer’s and 
a contractor’s viewpoint. Payment for 
repair of the trunkline was on a cost 
plus basis; naturally, no argument 
arose when compacted layers of fill 8 
to 12 in. in depth required. 
Gravel refill was placed to approxi- 
mately 3 ft over the pipe. Next, 10 to 
12 ft of rock tunnel spoil was placed ; 


were 
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FIGURE 12.—Local underground utili- 
ties were replaced by usual construction 
methods. 


from that elevation to the subgrade of 
the finished street surface, gravel was 
used. 
Pneumatic tamps were employed 
(Figure 11) to get proper compaction, 
with each layer of gravel or tunnel 
muck then thoroughly wet down by 
fire hose as added insurance. So effee- 


tive was the compaction that even 
though the finished surface of the 
street was laid without the usual 6 


months of traffic use over temporary 
pavement, there has not been even so 
much as 1% in. of settlement in these 
ensuing four years. 
New water, local 
telephone were 


sewer, gas, and 
laid and new 
house service connections were made by 


lines 
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YOUR FRIENDS WILL BE LOOKING FOR YOU 
IN MILWAUKEE IN OCTOBER. SEE PAGE 505 


FIGURE 13.—Bituminous concrete sur- 
face 14 in. thick (left) was placed over 2 in. 
of bituminous concrete binder (right) on 
4-in. base of bitumen-penetrated crushed 
stone. 


the usual construction methods (Figure 
12). Ends and outside rows of steel 
sheeting were pulled, but the inner 


rows were left in place as a safety 


measure. Granite curbing was set and 
monolithic conerete sidewalks were 
placed. 


The steet was repaved in the follow- 
ing manner. First, a 4-in. 
crushed stone penetrated with bitumen 
was laid. This was followed by 2 in. 
of bituminous concrete binder, and fi- 
nally a 114-in. surface of bituminous 
concrete top was placed (Figure 13). 

Thus finally ended a most difficult, 
costly, and tedious project. The day- 
to-day problems that had to be met and 
the solving of the same by innovation 
and practical, yet now and then crude 
designs, were an education one must 
be considered fortunate to have ex- 
perienced. It is hoped that at least a 
few ideas, which will be of some value 
in the future, have been passed along. 


base of 
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EXPERIMENTAL TREATMENT OF ORGANIC 
CYANIDES BY CONVENTIONAL PROCESSES 


An earlier presentation (1) de- 
seribed studies on the behavior of cer- 
tain nitriles in water. The 
current discussion presents an exten- 
sion of this work to consider treatabil- 
ity of the same nitriles by activated 
sludge and anaerobic digestion. 

The previous studies reported re- 
sults on slug doses of nitriles in river 
water. The activated sludge studies, 
described subsequently, were based on 
a semicontinuous feed of nitrile and 
supplementary sewage to bench-scale 
units. Anaerobic were fed 
with the nitrile and a reference feed 
in batch increments. 


surface 


digesters 


Activated Sludge Experimental 
Details 


The bench-scale activated sludge unit 
adopted for this study is déscribed in 
an earlier paper (2). <A schematic 
diagram is presented in Figure 1. 

A 17.5-1 activated sludge stock tank 
somewhat similar to the test units was 
maintained on dog food meal and sew- 
age to start or 
5.5-] test units. 


replace sludge in the 


Test units received a feed consisting 
of weak settled sewage (BOD normally 


At the time this 
authors were 


paper was prepared the 
Robert A. 
Taft Sanitary Engineering Center, Bureau of 
State Public Health Service, De- 
partment of Health, Education, and Welfare, 
Cincinnati, Ohio. F. J. Ludzack and R. N. 
Bloomhuff continue in this capacity. R. B. 
Schaffer is now in the Technical 
Division of Dow Chemical Co., Midland, Mich. 

The paper was presented at the 14th In 
dustrial Waste Conference, 
Lafayette, Ind., May 6 


staff members of the 


Services, 


Services 


Purdue University, 
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F. J. Ludzack, R. B. Schaffer, and R. N. Bloomhutf 


50 to 7d 
nitrile. 
gen 


mg/l) containing the test 
About 70-per cent nitrile oxy- 
demand was intended for accli- 
mated normal operation. Actual load- 
ing varied from 50- to 90-per cent 
nitrile oxygen demand depending on 
the stage of acclimation, the particular 
nitrile, its concentration, and sewage 
strength. Sewage was used to provide 
supplementary nutrients. 

Feed introduction time varied from 
12 to 23 hr of the day. Rates were ad- 
justed to introduce approximately one- 
half of the total load from 9 am to 4:30 
PM, with the remainder continuing 
through the night. Solids or liquid 
inadvertently left in the influent reser- 
voir on the following morning were 
added rapidly to the aerator. The 
semicontinuous feed rate approximates 
load variations in municipal or indus- 
trial treatment systems resulting from 
population activity, process variations, 
or cleanup periods. The units were 
not dosed on Saturday and Sunday. 

Usual feed volume was 9 1 day, 18 
| day in some tests. Mean aerator de- 
tention time was about 13 and 61% hr, 
respectively. More concentrated feeds 
were used in preference to short de- 
tention to permit better evaluation of 
toxicity and reduce sewage handling. 
The sewage was chilled at 5°C over- 
night to 
during the feed sequence. 

Loading was calculated on the basis 
of sewage BOD plus the calculated car- 
bonaceous BOD of the test nitrile. The 
theoretical amount of oxygen required 
for nitrile oxidation (Table I) was ob- 
tained according to the relations ex- 


decrease biological changes 
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TOP VIEW 
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of 4" Plexigiass tube cut in half 
yy Bottom end cut at 
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is closed by a 1/8” Plexiglass 
plate so that the two compartments 
are connected by a & x 4" opening, 
Water proof “rubber to metal” 
cement used to join Plexiglass to 
glass. 


FIGURE 1.—Model activated sludge unit. 


pressed in the following for adipo- 
nitrile: 


CNC,H3CN + 630, 

6CO, + + 2NH;..() 
Molecular weight of adiponitrile is 108, 
for which the oxygen equivalent is 208. 
Theoretical oxygen demand, therefore, 
is 208/108 or 1.93 mg of oxygen per 
mg of adiponitrile for carbonaceous 


TABLE I. 


Test 


Nitrile Formula 


Aceto- 
Adipe )- 
Benzo- 
Acrylo- CH 
CH 
CH; | 

OH 


CH, CN 


CN 


Lacto- 


Oxydipropio- 


Density 


oxidation. Complete oxidation of both 
nitrogen and carbon would result in 
formation of water and nitrie acid in 
place of the ammonia, with a corre- 
sponding increase in oxygen require- 
ments. The new equivalent would be 
3.22 mg of oxygen per mg of nitrile. 
Daily load ratios were expressed as a 
dimensionless weight ratio representing 
influent oxygen demand in terms of 


Pertinent Physical and Chemical Data on the Test Nitriles 


Theoretical BOD 


(mg meg) 
mg N/me 
Nitrile 


0.78 
0.92 
1.01 
0.80 


0.342 
0.259 
0.136 
0.264 


0.99 0.198 


1.02 0.233 
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unit volatile solids (2) (that is, 40/100 
= 40 parts of influent BOD/100 parts 
circulating volatile solids). The re- 
ciprocal of this load ratio provides an 
estimate of sludge age. Load ratios 
for different periods frequently over- 
lapped because of sewage strength vari- 
ations. No attempt was made to con- 
trol this variable. Using the ecarbo- 
naceous BOD for nitriles resulted in a 
minimum load ratio; nitrification could 
increase the actual load ratio by 33 to 
100 per cent (Table I). 

Units were operated at room tem- 
perature (22 to 25°C) for 
time to observe continuous perform 
ance during acclimation, normal, and 
overload periods. 

Influent and effluent analysis in- 
cluded general determinations such as 
COD, BOD, suspended solids, and pl 
(3). Influent nitrogen included am 
monia and organic nitrogen in sewage 
plus the calculated nitrile 
added (Table I). Effluent 
was based on ammonia, organic, nitrite, 
and nitrate determinations. These data 
were used for material balance and 
nitrogen conversion estimates. Efflu- 
ent cyanide (3) was determined regu- 
larly on lactonitrile sludges; other ni- 
triles tested failed to yield enough 
cyanide to exceed the analytical inter- 
ference level. Specific nitrile deter- 
minations were impractical except for 
acrylonitrile (1). Nitrogen balances 
did not indicate significant nitrile 
breakthrough in acclimated units. The 
method of Daues and Hamner (4) and 
Stepanek and Cerna (5) applied to 
acrylonitrile activated sludge verified 
a negligible breakthrough of nitrile at 
load ratios tested. Effluent analysis 
was based on 48-hr composites pre- 
served with mereurie chloride, except- 
ing BOD samples collected separately 
during the maximum load period. 

Solids analysis included mixed liq- 
uor solids, volatile solids, sludge den- 
sity index (3), and percentage nitrogen 
in the volatile solids (2). The nitrogen 


\ 


sufficient 


nitrogen 
nitrogen 


percentage was useful in estimating 
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sludge quality and for correcting the 
nitrogen balance for removed excess 
solids. 


Test unit solids analysis was 
obtained once weekly; any excess be- 


yond 6.0 g of volatile solids per unit 
was discarded (adjusted mixed liquor 
volatile 1,000 to 1,200 mg/l). 
Sludge production per gram of influent 


solids 
BOD thus was lower than if solids had 
been removed daily. 

An activated sludge was considered 
satisfactory in operation when (@) oxi- 
dation and resulted in 
good oxygen demand and suspended 
attached 

floating 
were not 


clarification 
solids removal; (b) foaming, 
lumpy 
solids, or poor odor and color 


solids, agglomerates, 


excessive; (¢) microbiological popula- 
tions showed a good variety of ap- 
parently (d) the 
nitrogen percentage of sludge volatile 
solids approached that of active proto- 
plasm ; and (¢ 
strated that a 
feed nitrogen was being converted to 
nitrates. 

high nitrification 
normally is not a requirement of ac- 
tivated sludge operation. Results with 
nitrile feeds were such that poor nitri- 
fication usually preceded performance 


active organisms: 


effluent analysis demon- 


significant fraction of 


percentage of 


failure such as Item a@ in the perform- 
ance criteria. The nitrogen percentage 
in the sludge volatile solids usually 
maintained an equilibrium range for 
a given feed and load. A significant 
drop in this value was the most reliable 
indicator that performance would de- 
teriorate within a few days unless cor- 
Nitrogen 
analysis results therefore were used as 
the primary performance criteria in 
the discussion of results. 


rective measures were taken. 


Activated Sludge Results 


Material Balance 
version 


and Nitrogen Con- 


Data on material balances and nitro- 
gen conversion for test runs 
are shown in Figures 2 through 6. 
Each of the tested nitriles was given a 


several 


— 
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preliminary run followed by two or 
more tabulated runs. 

sar graphs were used to show the 
proportion of sewage and nitrile nitro- 
gen in the influent for acclimation, 
normal operation, and overload pe- 
riods. Effluent ammonia, organie and 
oxidized (nitrite plus nitrate) nitrogen, 
and the nitrogen in removed sludge 
are expressed on the same bar graph 
as a percentage of the feed nitrogen 
for each period. These results show 
the material balance and degree of 
conversion of influent nitrogen under 
test conditions. Observation time, ni- 
trile concentration, total feed nitrogen, 
and load ratio limits are also given for 
each period. 

The acclimation period deseribed 
does not the minimum time 
required to produce a good effluent. 


indicate 
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Usually a low concentration of nitrile 
was used at the start of acclimation. 
The nitrile concentration was doubled 
at weekly intervals until nitrile oxy- 
gen demand was a major fraction of 
the total feed oxygen demand. Lag in 
analysis and performance estimates 
usually meant that dosage could have 
been increased more rapidly without 
ill effect. Because continuous perform- 
ance estimates were desired, the accli- 
mation period was extended to make 
certain that initial good performance 
was not a transitory condition. In 
general, good performance was achieved 
in one-fourth to one-half the stated ac- 
climation time. 


Acrylonitrile Treatment 


Data on acrylonitrile treatment are 
presented in Figure 2. Integral re- 


150 }— INFLUENT WETRILE 
130 


EFFLUENT AMM. 


PER CENT OF FEED NITROGEN 


EFFLUENT ORG. 


EFFLUENT OXID. 
REMOVED SLUDGE 


ACCLIMATION 


NORMAL OPERATION 


OVERLOAD 

3 WEEKS 4 WEEKS 2 WEEKS 
22-89 mg/l WITRILE 89 mg/! MITRILE 177-266 MITRILE 

4800 mg IM 


20-40/100 LOAD RATIO 


70N0 mg HIN 
$2-43/100 LOAD RATIO 


80/100 LOAD RATIO 


FIGURE 2.—Nitrogen balance for activated sludge cn acrylonitrile plus 


sewage feed. 
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Acclimated 
Nitrile 


System 


ar i 
Influent 
BOD 


Aceto- 200-2 
Adipo- 275-35 
Benzo- 300 
Acrylo- 250-35 
Lacto- 150-25 
Oxydipropio- 225-% 


sults of three weeks’ acclimation show 
good conversion of nitrile nitrogen to 
oxidized nitrogen although initial re- 
sults were poor. During four weeks 
of normal operation 60 per cent of the 
influent nitrogen as nitrile resulted in 
effluents containing 70-per cent 
dized nitrogen. The load ratio used 
is within customary limits for conven- 
tional domestic sewage activated sludge 
treatment. During overloading, sludge 
performance deteriorated at 177 me/] 
of nitrile, but apparently could have 
adjusted for continuous performance 
at reduced efficiency. At 266 mg/1 of 
acrylonitrile, treatment efficiency was 
materially reduced. The percentage of 
nitrogen in the sludge volatile 
decreased from a range of 9.8 to 10.7 
(Table II) to less than 8.0 with the 
high nitrile feed. About one-third of 
the influent nitrogen appeared in the 
effluent in oxidized 
load conditions. 
During the overload period, effluent 
nitrogen analysis failed to account for 
a substantial fraction of the 
nitrogen. Poor material 
variably occurred prior to breakdown, 
but this series is the only one presented 
in which dosage high enough to 
show a large loss of nitrogen. Major 
contributing factors are likely to be as- 
sociated with aeration loss of ammonia 
or denitrification 
gen deficiency. 


sol ids 


form under over- 


influent 
balances in 


Was 


from 
There was no evidence 
of acrylonitrile in the effluent. 

The overload sludge was transferred 
to a recirculating gas unit in 


resulting 


which 
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TABLE II.—General Performance Characteristics of Nitrile Activated Sludge 


during Nor 


Range 


Sludge 
Vs Infl. 

BOD 
0.04-0.20 
0.10-0.28 
0.12-0.40 9.5-12.0 
0.15—0.23 9 §-10.7 
0.05-0.20 9 1—-10.3 
O.07-0.15 §.3-10.9 


carbon dioxide and ammonia were ab- 
sorbed from the gas and replaced with 
oxygen. Ammonia in the gas was not 
detectable at a mixed liquor pH below 
7.8 or ammonia concentration below 30 
mg/l. The failed 
to reach these limits, hence ammonia 


overloaded system 
loss did not account for the poor mate- 
rial balance. Low effluent DO 
and high solids production during 
overloads easily could have resulted in 


ley els 


oxygen-deficient local sludge agglomer- 
ates. Definite proof was not obtained, 
but results strongly suggest that de- 
nitrification was the major factor in 
nitrogen losses during overloads. 


Acclimation 


Acclimation data Figure 3) for 


acrylonitrile, are divided into short pe- 


riods to reveal the rapid changes in 
nitrogen conversion during early stages. 
The unit was started on what appeared 
A summa- 
tion of the first four days’ operation 
shows 40 per cent of the influent nitro- 
gen as effluent ammonia. 
terial 


to be a normal load range. 


The poor ma- 
partially due to a 
buildup of sludge nitrogen; most of it 


balance is 


is likely to be the result of ammonia 
the 
show an 


loss to air. 


The next five days 


improved material balance, 


lower and higher oxidized 
nitrogen in the effluent. 

The third period shows about 90 per 
cent of the influent nitrogen as ef- 
fluent oxidized material with about 20 
per cent more nitrogen in the effluent 


than in the feed. 


ammonia, 


The first two periods 
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(Figure 3) showed a rapid increase in 
and nitrogen. Solids 
buildup decreased during the third pe- 
riod. The percentage of nitrogen also 
decreased from a peak of 12 per cent to 
less than 11 per cent. Concurrent un- 
loading of solids nitrogen accounts for 


solids solids 


most of the excess effluent nitrogen. 
Behavior exhibited in Figure 3 il- 
lustrates the rapid changes in per- 
formance during the early phases of 
acclimation. The unit had not reached 
a steady performance level by the 13th 
day. However, Figure 3 shows that 
vood effluents obtained in a 
much shorter time than that required 
to reach steady performance as shown 
in Figure 2. acclimation 
was not delayed by starting the unit 
with a high initial load of acrylonitrile. 


can be 


Moreoy er. 
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Nitrogen Balance for Lactonitrile 


The nitrogen balance for lactonitrile 
and sewage is shown in Figure 4. Sig- 
nificant effluent cyanide appeared dur- 
ing the acclimation period and trace 
amounts during overloads. The system 
was unable to handle lactonitrile con- 
centrations as high as those for aerylo- 
nitrile, but double the volume of in- 
fluent at 165 mg/l nitrile dosage was 
treated for five successive days without 
upset. Recovery was rapid after the 
load decreased. The major effects of 
overloading were an increase in ef- 
fluent ammonia and suspended solids 
with decreased oxidized nitrogen. Neg- 
ative results were obtained for acclima- 
tion to lactonitrile when a full load 
was applied to a new sludge. 


INFLUENT WITRILE 
IWF WENT SEWAGE 


EFFLUENT AMM. 


PER CENT OF FEED NITROGEN 


VVV 


EFFLUENT ORG. W 


| EFFLUENT OXID. 


N IN REMOVED SLUDGE 


ist THRU 4th DAY 


107 WITRILE 
1800 mg NIN 
40/100 LOAD RATIO 


Sth THRU Sth DAY 


107 NITRILE 
2475 mi 


gh IN 
32/100 LOAD RATIO 


1Oth THRU DAY 


107 mg/t MITRILE 
mg 
32/100 LOAD RATIO 


FIGURE 3.—Nitrogen balance for activated sludge on acrylonitrile plus 
sewage feed during acclimation. 


497 

i 110} 

Gg 

| 

Y 

| 


JOURNAL WPCF 


May 1961 


INFLUENT WITRILE 
GW wrrvent SEWAGE 
AMM. 


PER CENT OF FEED NITROGEN 


EFFLUENT ORG. 
~)EFFLUENT 
IM REMOVED SLUDGE 


im 


ACCLIMATION 
4 WEEKS 
22-44 mg/t NITRILE 


4300 mg NIN 
16-43/100 LOAD RATIO 


NORMAL OPERATION 
4 WEEKS 
88 mg/!t MITRILE 


5630 mg WIN 
24-36/100 LOAD RATIO 


OVERLOAD 
4 WEEKS 
143-165 mg/t NITRILE 


11300 mg 
4d-81/100 LOAD RATIO 


FIGURE 4.—Nitrogen balance for activated sludge on lactronitrile plus 
sewage feed. 


Nitrogen Balance 
trile 


for Oxydipropioni- 


Figure 5 presents the nitrogen bal- 
anees for oxydipropionitrile and sew- 
This nitrile required an excep- 
tionally long acclimation period in sur- 
face water (1). It failed to show un- 
usual resistance to activated sludge 
treatment. Effluent organie nitrogen 
was high for a few days but decreased 
by the end of the first week of acelima- 
tion. High organie nitrogen would in- 
dicate oxydipropionitrile breakthrough 
in the absence of high suspended solids. 
It required about twice as long for ae- 
climation with 
summer sewage reported in Figure 5. 
Whether this time difference was the 
result of chance or 
factor is unknown. 
operation was similar for both. 


age. 


winter sewage as for 


of some microbial 
Temperature of 
Good 


performance and material balance dur- 
ing overload indicate that substantially 
higher loading of oxydipropionitrile 
would be necessary for an upset. 


Acetonitrile Behavior 


Acetonitrile behavior as shown in 
Figure 6 is difficult to judge. Aecli- 
mation shows good adjustment; high 
nitrates appeared in the effluent in one 
week at reduced loading. Normal and 
overload periods show good conversion 
from nitrile to oxidized nitrogen but 
each succeeding period shows an in- 
crease in effluent ammonia. This sys- 
tem was characterized by low solids ae- 
cumulation, low nitrogen in the volatile 
solids (Table IT), and a highly dis- 
persed floc. Although treatment ap- 
peared on the ragged edge of poor 


performance most of the time, it 
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achieved its purpose with a fair degree 
of consistency. 


Other Data 


Benzo- and adiponitrile data are not 
presented, as their behavior was not 
unusual. In general, both were rela- 
tively nontoxic and more amenable to 
treatment than other nitrile systems 
described. 

Data other than those given with the 
nitrogen balance are summarized for 
the six nitrile activated sludges in 
Table II. Percentage BOD removals 
were good on all test systems, with 
acetonitrile units lowest. Volatile sol- 
ids accumulation per gram of influent 
BOD indicated a wide range, with 
benzonitrile high and aceto-, lacto-, and 
oxydipropionitrile low. The data sug- 
gest that there are more factors in- 


160 
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volved in solids gain than BOD re- 
moval and loading. Volatile solids are 
expressed here because silt entering 
with the sewage in wet weather con- 
fused solids data. Volatiles normally 
amounting to 70 to 85 per cent were 
decreased to 50 to 60 per cent after 
heavy rains. Percentage nitrogen in 
volatile solids varied appreciably ; low- 
est values appeared in aceto- and oxy- 
dipropionitrile sludges. It is interest- 
ing to note that the sludge with the 
highest percentage of nitrogen was fed 
with a nitrile containing the lowest 
percentage of nitrogen. The sludge 
density index was high in all test sys- 
tems, with benzonitrile and oxydipro- 
pionitrile at the two extremes. 
Experience with bench-scale units 
shows that a plant sludge starting with 
an SDI of about 1.0 will become in- 


A 
Wu INFLUENT SEWAGE 
KG EFFLUENT AMM. W 


PER CENT OF FEED NITROGEN 


EFFLUENT ORG. 
EFFLUENT OXID 


ACCLIMATION 
4 WEEKS 


23-91 mg/! NITRILE 


15-46/106 LOAD RATIO 33-35/ 


NORMAL OPERATION OVERLOAD 
4 WEEKS 2 WEEKS 
113 WITRILE 


5930 mg IN 8065 mg 
100 LOAD RATIO 


170 WITRILE 
6630 mg KIN 
39-46/100 LOAD RATIO 


FIGURE 5.—Nitrogen balance for activated sludge on oxydipropionitrile plus 
sewage feed. 
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INFLUENT NITRILE EFFLUENT ORG. 
140 Y INFLUENT SEWAGE EFFLUENT OXID. 
KG EFFLUENT AMM. W IM REMOVED SLUDGE 


| 


o 

| 
SS 


PER CENT OF FEED NITROGEN 


ACCLIMATION NORMAL OPERATION OVERLOAD 
4 WEEKS 4 WEEKS 2 WEEKS 
35-139 mg/! NITRILE 139 WITRILE 173 WITRILE 


4375 mg Win mg 6120 mg 
24-56/10C LOAD RATIO 36-47/100 LOAD RATIO 44-46/100 LOAD RATIO 


FIGURE 6.—Nitrogen balance for activated sludge on acetonitrile plus 
sewage feed. 


creasingly dense after one or two days’ solids. Relatively little difficulty of 
operation in a small unit. Precise rea- this nature was experienced in spite of 
sons for this are unknown, but they are nitrate concentrations oecasionally ex- 
likely to be associated with less efficient ceeding 50 mg/l. A long period with- 
retention of the lighter solids in a small out overflow generally resulted in ae- 
clarifier. Information for full-scale cumulation of floating settler solids. 
operation on solids density and air re- Settler agitation generally restored 


quirements is not likely to be precisely normal sedimentation and was a com- ’ 
estimated on the basis of bench-scale mon Monday morning routine. 


tests. Ability to recover from an overload 
Effluent suspended solids varied sig- differed appreciably between nitrile 
nificantly, although many of the high — sludges. Acrylonitrile sludge was 


values were due to the fact that the slowest to reestablish good treatment; 
needle valves controlling air flow were it frequently required as long for re- 
somewhat unreliable for control pur- covery as for acclimation of a new 
poses. Acetonitrile effluents normally sludge. Overloads on acrylonitrile, 
ranged from 15 to 30 mg/l. Other therefore, should be avoided. This 
units rarely exceeded 20 mg/l in sus- sludge also was more temperamental, 
pended solids. It would be expected and deteriorated treatment resulted 
that high nitrate effluents would con- from minor variations that did not 
tribute to high floating and suspended affect other nitrile test units. Most of 
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the other nitrile sludges recovered from 
overloads within one to three days al- 
though acetonitrile showed minor per- 
formance differences at any test load. 
Week-end starvation did not affect 
the treatment efficiency of the Monday 
load for any of the tested. 
Long-period starvation was tested on 


nitriles 


acrylonitrile activated sludge because 
this sludge was more temperamental 
and the chemical is more likely to be 
found in effluents. The aceli- 
mated sludge received no feed for 30 
days, then was given a full load for 5 
snecessive days, followed by another 
30-day rest. Good performance was 
observed by the third day after the 
first rest period; a full load after the 
second rest period resulted in excessive 
solids in the settled effluent. For all 
the observed re- 
covery from starvation was adequate. 
Nitrile feeding in tap water to an 
acelimated sludge showed that acrylo-, 
lacto-, and oxydipropionitrile treatment 
deteriorated within Other 
test nitrile effi- 


The precise 


waste 


practical purposes, 


one week. 


cultures maintained 
cieney somewhat longer. 
funetions of sewage in treatment effi- 
cieney were not determined. In all 
probability any mixture providing suit- 
able 


serve as well. 


supplementary nutrients would 
It was obvious that ni- 
to maintain treat- 


the 


trile sludges failed 


ment efficiency for long without 


addition of a mixed organic feed. 


TABLE III. 
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Nitrile Feed (approx 


Benzo- 


Cross-Acclimation 


Data were obtained on cross-acclima- 
tion in surface water (1) by acclimat- 
ing a system to one nitrile then feeding 
another. Table IIT results ob- 
tained when the scheme was 
applied to nitrile activated sludges. 
Acrylo-, lacto-, and oxydipropionitrile 


gives 


same 


were resistant to the microbiota ae- 
climated to the remaining three test 
nitriles in surface water. Activated 


sludge tests pointed toward resistance 
in the same three, but lactonitrile was 
exceptionally troublesome. Lactonitrile 
acclimated sludges could adapt readily 
to other nitriles, but the reverse re- 
quired long periods of reacclimation. 
sehavior during the first week was the 
basis for judgment, as sludge age was 
about two to three days and new sys- 
tems generally gave good performance 
in about two weeks. The second week 
was used for decision only when effi- 
ciency of the first was doubtful. Sludge 
age obviously did not indicate regenera- 
tion time for the slower growing organ- 


isms. 
Microscopic Observations 


Microscopie observations showed a 
wide variety of organisms common to 
activated Microbial 
species intolerance was not as great as 
anticipated. The variety of bacteria 
and predators generally showed almost 
as much variation from one week to 


sludge systems. 


Activated Sludge Assimilation of a Different Nitrile Feed* 


100 me 1 


| } 


Acrylo- j Lacto- | Oxydipropio- 


Aceto- Yes Yes No Yes 
\dipo- No Yes 
Benzo- Yes Yes Not Yes 
\crylo- Yes Yes Yes No Yes 
Lacto- Yes — Yes Yes Yes 
( )xydipropio- Yes Yes Yes Not No 


* Yes indicates satisfactory adjustment within one week; no indicates unsatisfactory adjust- 
ment in one week. 
¢ Doubtful during first week, based on the second. 
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another in a given nitrile sludge as it 
did from one nitrile culture to another. 
Certain limitations were observed as 
noted. Fungi were not detectable in 
activated sludge units except for the 
predacious fungus described by Cooke 
and Ludzack (6). Nitriles partially 
inhibited its growth. The limitation 
on fungi may account for the difference 
in eross-acclimation between surface 
water and activated sludge. Lactoni- 
trile definitely inhibited protozoan pop- 
ulations and variet A few stalked 
ciliates and small ellates accounted 
for most of the predators in lactonitrile 
sludge. The bacterial floe in laetoni- 
trile systems consisted of thin masses 
with many long rope-like projections 
Cultures on tryptone glucose agar, that 
were selected and stained, indicated 
many varieties of bacteria, but no at- 
tempt was made to identify species or 
determine the precise number repre- 
sented. Greater variety and numbers 
of both bacteria and predators were 
observed in other nitrile sludges 
Sphaerotilus occasionally appeared in 
all nitrile test units and became trouble 
some at least once in all but lactoni- 
trile units. Acetonitrile sludge floc 
was highly dispersed; oxydipropioni- 
trile produced a dense growth with 
few projections, which is consistent 
with the sludge density noted. 


Nitrates Problem 


High nitrates were characteristic of 
nitrile acclimated sludge effluents. In- 
creasing concern for the nitrate con- 
tent of surface water may result in ef- 
fluent limitations on nitrates. The 
load range permitting good nitrile 
treatment without high nitrates ap- 
pears too narrow for practical purposes 
and would only delay nitrate produc- 
tion in the receiving water. 

If nitrates are a problem, waste ac- 
tivated sludge denitrification offers a 
practical removal method. The tech- 
nique of McKinney and Conway (7) 
was used for bench-seale tests The 
unit in Figure 1 was modified by re- 
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moval of the diffuser and by addition 
of a magnetic stirrer. High nitrate ef- 
fluent entered at the bottom and dis- 
charged in the usual manner. <A con- 
centration of approximately 2,000 mg/] 
of waste sludge was maintained in 
suspension using the stirrer bar. Good 
contact of sludge and effluent was pro- 
vided but agitation was not great 
enough to prevent clarification. The 
main problem was to provide sufficient 
agitation to dislodge gas bubbles from 
the solids so that they could settle. A 
light load of readily available food was 
necessary to inerease oxygen require- 
ments to slightly above that for en- 
dogeneous action. Oxygen was pro- 
vided by surface contact, effluent DO, 
or the reserve in nitrites or nitrates. 
Careful control avoided the usual symp- 
toms of anaerobiosis and resulted in 
40- to 98-per cent removal of effluent 
oxidized nitrogen depending on sludge 
concentration, condition, and feed. Or- 
ganic nitrogen in the contact effluent 
inereased by 2 to 4 mg/l; ammonia re- 
mained about the same or decreased. 
Suspended solids in the denitrified ef- 
fluent increased by 10 to 30 mg/l, but 
BOD rarely exceeded an inerease of 
10 mg/l. Sludge volatile solids de- 
ereased 5 to 10 per cent per day ; hence, 
new waste solids were required fre 
quently. Floating solids rarely caused 
difficulty with proper agitation. Con- 
tact time of 3 to 4 hr, including 14 hr 
for settling, was adequate. Denitrifica- 
tion in a stream is likely to remove ap- 
preciable quantities of oxidized nitro- 
gen; this process could aceelerate the 
removal when necessary. 


General Considerations 


Concentrations or load limits indi- 
eated in the preceding cannot be ree- 
ommended, per se, as the maximum al- 
lowable because of the complexity and 
adaptability of activated sludge treat- 
ment. They are presented mainly as 
guidelines for consideration in new 
situations or tests and to provide back- 
ground information on control of vari- 
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ables. Recirculation was not attempted, 
but may be desirable for treatment of 
highly concentrated wastes. 

The more resistant nitriles exhibited 
a marked difference in acclimation time 
between and activated 
Oxydipropionitrile required 
about 100 days before significant de- 
gvradation in surface water; 
it required from 5 to 10 days for simi- 
lar degradation to be 
The 
ganisms per unit volume is the major 
difference the two. The re- 
sults show that organisms suitable for 


surface water 


sludge. 
oceurred 


established in 


activated sludge. number of or- 


between 


assimilation of resistant chemieals are 
much more likely to be found in ef- 
fective high microbial 
population such as activated sludge. 


numbers in a 


Anaerobic Digestion Experimental 
Details 


Tests were designed primarily to 
evaluate the effects of nitriles on the 
digestion of other organie materials in 
a mixed feed. 
sary because nitriles are quite soluble 


This was deemed neces- 


in water; distribution is more likely 
to favor a large fraction of the nitriles 
in the settler effluent than its aeeumu- 
lation in settled solids whieh eventu- 
ally reach the digester. A relatively 
small fraction of the total nitrile in 
the feed could have a signifieant effect 
on digester operation if it were suf- 
ficiently digester 
The following discussion shows the re 
sults of these tests. 

A 9-1 digestion bottle was connected 
to an appropriate water-displacement 
holder. The were started 
sludge from a local di- 
evester with an amount added that in- 
eluded 50 @& of volatile sludge solids in 
each unit. A reference feed of 4 ¢ of 
dry dog-food meal in sewage (250 ml) 
was added three times each week until 
equilibrium gas production per gram 
of added dog food was reached. The 


toxie to organisms. 


vas units 


with sewage 


units were operated at 30°C and gas 
volumes measured at barometric pres- 
Agita- 


sure at the same temperature. 
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tion was intermittent by swirling the 
bottle containing digesting solids. Con- 
tinuous recirculation made little 
difference in gas yield per gram of 
feed ; hence, was dropped. 

Analysis of sludge solids was per- 
formed monthly for suspended and 
volatile solids. Solids were adjusted, if 
necessary, to maintain 50 to 75 g of 
volatile material in the unit. The 
added dog food resulted in 15 to 20 per 
cent of new volatile solids per week. 

Gas produced was analyzed for ear- 
bon dioxide content and burned as nee- 
essary. Supernatant analysis (once 
weekly) included COD, ammonia and 
organic nitrogen, volatile acids (short 
procedure), and pH (3). 

The gas production stabilized in 
three reference units at 600 to 650 ml 
of gas per gram of dog food added 
(90-per eent volatile). This ratio is 
within the range expected in municipal 
anaerobie digestion for equivalent vola- 
tile solids; hence, it does not appear 
that the batch feeding made a signifi- 
cant difference in operation. 

The relatively light load of dog 
food solids should be similar in effect 
to the addition of a comparable amount 
of sludge volatile solids. Additional 
test loading should result in inereased 
gas per gram of added dog food, pro- 
vided the added test material is di- 
vested. It was assumed that a sig- 
nificant change in gas production would 
be the result of the added test nitrile. 


gas 


Results of Anaerobic Digestion with 
Added Nitrile 


Gas production and pertinent ana- 
lytical data are given in Table IV on 
nitriles having little toxie action in the 
anaerobie system. Reference feed data 
are presented for comparison. Nitrile 
units received the same quantity of 
dog food as the reference, plus the 
nitrile dosage indicated in parenthesis 
under each heading. For example, 
under acetonitrile (40 x 14) indicates 
40 mg/I] of nitrile were added 14 times 
during the one month of operation. 


> 


JOURNAL WPCF 


May 1961 


TABLE IV.—-Digester Characteristics with Nitrile Feeds 


Characteristics for 1 M 
Operation 


Mean gas prod. (ml/g dog 
food, 30°C) 

% COsz in gas, rang 

pH range 

Supernatant vol. acids (mg 

Supernatant COD range 
(mg/l) 

Residual sludge vol. (‘ 


( 13 


1,100 


The concentrations were based on the 
total digester liquid volume. 

It is obvious that the gas produced 
per gram of added dog food was some- 
what less or equivalent in the nitrile 
systems than in the reference. This 
meant that the nitrile was not being 
converted to methane or carbon dioxide 
but that it did not exert significant 
toxicity in digestion of the reference 
feed. Confirmation of the stability of 
nitriles under test conditions was shown 
by the presence of infrared cyanogen 
absorbance bands in supernatant ex- 
tracts up to three months after cessa- 
tion of nitrile feeding. 

Supernatant COD indicates a steady 
rise in oxygen demand with additional 
nitrile doses. It reached two or more 
times the value for the reference sys- 


tem in one month. Operation for an- 


18 


1900 &860-1,700 


1 ,000-2,200 
19) 


.200—2,400 
17 


other month failed to make a significant 
change in performance. These nitriles 
apparently will not disrupt gas pro- 
duction but they will not help it either. 

Table V shows the results of aerylo- 
and lactonitrile, which had_ serious 
toxic action in anaerobic digestion. The 
higher doses of nitrile stopped gas pro- 
duction relatively quickly ; lower doses 
required a little longer. Effect on the 
supernatant COD was more intense 
than that given in Table IV. The 
lower dosage of lactonitrile was given 
a different sequence from that in the 
remaining tests. Only one application 
on Monday After 
seven weeks’ operation, the maxima of 
both volatile acids and COD had been 
reached and 
while gas production was increasing. 
This suggests that 


each Was given. 


values were decreasing 


acclimation in an- 


TABLE V.—- Digester Characteristics with Nitrile Feeds 


Refe 
Characteristics for 1 
Operation 


g dog 


Mean gas prod. (ml 
food, 30°C) 

% COz in gas, range 

pH range 

Supernatant vol. acids, max 
(mg/l) 

Supernatant COD range 
(mg/l) 

Residual sludge vol. 


6.6 


SO0—950 


* Limed. 


27-30 


1,200 


1,000- 


13 53 


rence Feed 


240 
20-27 


6.6-7.1* 


20 
20 


6.3-6.9* 


28-35 


6.6-6.8 


6.9* 


700 800 100 


1,600 1,100 3,000 | 2,000-4,400 | 1,300-2,400 


19 18 
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Reference Feed + Nitrile 
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aerobic systems is possible but not in- 
teresting from a practical standpoint 
of view of the good removal by aerobic 
treatment. 


Summary and Conclusions 


1. Aceclimation of activated sludge 
to tested nitriles requires a relatively 
short time to achieve a high degree of 
treatment. 

2. Enzymatic hydrolysis to ammonia 
followed by nitrification appears simi- 
lar to that in surface water. 

3. Nitrile appear 
quite resistant to shock loading and 


activated sludges 


behave similarly to conventional sys- 
tems in response to tested control var- 
Acrylo- 


nitrile sludges were more sensitive to 


iables and applied loading. 


changes. 

activated 
sludge to different nitriles indicates all 
but lactonitrile to be similar in break- 


$. Cross-acclimation — of 


down characteristics 

». Nitrate problems in the effluent 
are more likely to be handled success- 
fully by effluent denitrification than by 
treatment control to prevent nitrifica- 
tion, 

6. Performance of nitriles in an- 
aerobic digestion does not recommend 
this method of treatment. Lacto- and 
acrylonitrile were definitely toxie to 
the digestion organisms. 
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7. Acclimation to resistant chemicals 
in a feed is accomplished much more 
rapidly in the presence of a high micro- 
biological population such as activated 
sludge. 
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GRAPHICAL AND MATHEMATICAL 
INTERPRETATIONS FOR CHLORINE 
DETERMINATIONS 


In the chlorination of wastewater, it 
is frequently necessary to perform lab- 
oratory tests for the 
termining the chlorine re 
quired to accomplish a given result. 
This result may be a certain coliform 


purpose of de- 


dosage of 


density, a stated reduction of biochemi 
cal oxygen demand, destruction of some 
chemical component of the wastewater, 
or some other predetermined objective. 
In terms of the ‘*¢hlo- 
rine demand,’’ the endpoint was the 
presence of a stated concentration of 
residual chlorine after a fixed time of 
contact. 

In any of these tests, an attempt to 
find conditions which produce 


old-fashioned 


exactly 
the endpoint result is often a laborious 
procedure. <A great of the tests 
must be performed, using very small 


many 


inerements of chlorine dosage, to pro- 
vide reasonable assurance that the 
endpoint will not be missed. More- 


over, if the analysis used for deter- 


mining the endpoint has a poor de 
gree of precision, it is 
repeat the 
chlorinated sample in order to observe 
These fae 


tors tend to require large quantities 


necessary to 
determinations on each 


the endpoint accurately. 


of sample and of reagents, and a great 


M. C. Rand at the time this paper was 
presented was Chie f Chemist of the Viddle 


sex County Sewerage 


N. J. HHe is now Associate Professor n the 
Department of Civil Engineering at Syracuse 
University, Syracuse, 


J ose ph V. 
Hunter is Lecturer; and H, E, Orford 

Professor, both in the 
Rutgers 


De partment of Sanita 


University, 


tion, 


M. C. Rand, Joseph V. Hunter, and H. E. Orford 


Neu Brunswick, 
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deal of the analysts’ time, which makes 


it an inefficient and expensive pro 
cedure. 

The general method of adding a re- 
agent in many small inerements to 
permit direct observation of the quan 
tity needed to reach the 
well suited to 


Usually these 


endpoint is 
certain determinations. 


involve reversible reae 
tions, and the best application of this 
technique which 
gives an immediate or very simple in- 


dication of the 


requires a system 
condition. 
The ideal example, perhaps, is an acid 
titration, 
dicator or a glass electrode. 


endpoint 


base using an internal in- 

In the determination of chlorine re- 
quirements, however, the circumstances 
different. The 
irreversible. 


are very 


volved 


reactions in 


are and, within 
the specified eontaect time, often incom- 
plete. Thus, failure to realize exactly 
the endpoint result with a given dosage 
involves a with a 
Also, 


sult produced by each dosage is rela- 
tively complicated 


new start new sam- 


ple. determination of the re 
Various other de- 
might be 
cited, of which studies of the effect of 


terminations of this class 
adsorbents are perhaps most familiar. 

In determinations of this type, there 
is an advantage in employing a dif- 
ferent approach, designed to reduce the 
number of reagent dosages and subse- 
quent determinations of results. Using 
a limited number of dosages, including 
dosages both above and below that re- 
quired to produce the desired result, 
the dosage corresponding to the desired 
endpoint may be determined by graphi- 
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i 
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or 


cal mathematical means. An ap- 
preciable saving of time and reagents 
results, and with reasonable precau- 
tions there is little or no loss of ac- 
curacy. 


The Graphical Method 


In the graphical method, the results 
produced by 
are plotted against the corresponding 
dosages. <A then drawn 
through the the 
corresponding to the endpoint result 
Although 
this procedure offers an appreciable 
saving of time over attempting to 
actually observe the desired result, it 
does introduce the possibility of some 


various reagent dosages 


is 


curve 


points, and dosage 


is taken from the graph. 


subjectivity in the interpretation, and 


some time is required for the plotting 


of the curves. 
When the tend to 
rather than form a smooth curve, the 


points seatter 


graphical method is not applicable. 
Ilowever, in such cases, any other 
method, ineludine direct observation 


of the endpoint, is equally inaccurate. 


Such situations call for better analyti- 


cal methods or replication of analyses, 
to decrease the uncertainty of the ob- 


served results. 


Mathematical Methods 


The possibility of subjective bias can 
be eliminated from the interpretation 
if the plotting of the results is replaced 
by completely objective mathematical 
treatment of the data. This may be 
done by a number of different meth- 
ods none of which require construction 
of a graph. 


Least Square s 


It is possible, by standard statistical 
formulas, to calculate the line or curve 
which best fits the data, and then to 
caleulate the dosage at which the line 
curve the desired result. 
This may be done without actually con- 
structing the graph. However, it re- 
quires more time than the graphical 
method, and when only a limited num- 


or crosses 
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ber of points is available, there is no 
significant improvement of precision. 


First Approximations 


A much more rapid, but slightly less 
accurate, calculation of the dosage re- 
quired to produce the desired result 
may be obtained by linear extrapola- 
tion or interpolation from the observed 
points. If results are determined at 
two dosages lying on the same side of 
the requirement, linear extrapolation 
to the desired result be used to 
approximate the corresponding dosage. 
Alternatively, if results are determined 
at two dosages of which one is above 
the *‘endpoint’’ dosage and the other 
is below, linear interpolation may be 
used to find an approximation of the 
endpoint dosage. 


may 


Ilowever, in many cases, and almost 
always in chlorination, the relation- 
result de- 
scribes a curve rather than a straight 
line. When this the either 
interpolation or extrapolation used 
alone introduces a systematic error in 
the final answer. Figure 1 demon- 
strates this effect. An extrapolated line 
always intercepts the ‘‘desired result’’ 


ship between dosage and 


Is Case, 


Ro 


RESULT 


Ry 
0 Xj 03 
DOSAGE 
FIGURE 1.—Typical curvilinear rela- 


tionship between dosage and result which 
can be subjected to mathematical inter- 
polation. 
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on the convex side of the curve, while 
an interpolated line always crosses the 
““clesired result 

side of the curve. 


line on the concave 

In Figure 1, where 
the curve shown is concave upward 
and to the left, this means that extra- 
polation will always give a value higher 
than the true dosage requirement, and 
interpolation will always produce a 
value lower than the true value. 


Tie Second Approximation 


Since one of the two methods de- 
scribed for obtaining a first approxi- 
mation of the required dosage produces 
results which are consistently too high, 
and the other results which are con- 
sistently too low, it follows that neither 
is a completely satisfactory means of 
determining the requirement. 
By combining the two methods, how 
ever, the tendency toward systematic 
At the same 
time, there is a slight improvement in 


dosage 


errors can be eliminated. 


the precision of the final result, since 
a larger number of observed points is 
used in its calculation. Since the true 
requirement lies somewhere between 
the extrapolated value and the inter- 
polated value, any method of selecting 
a point intermediate between the two 
vives an answer which is more accurate 
than either of the first approximations. 
kor practical 
procedure is to select the point midway 
between the approximation 
values. 

Referring Figure 1, 
formulas for applying the 


murposes, the Sim 
pur} I 


two first 
the 
second ap 
proximation method are developed as 
follows: 


again to 


Let D,, Do, and Ds represent the 
dosages actually used, and let R,, Ro, 
and Rs; represent the corresponding re 
sults. It is that D, be a 
dosage insufficient to produce the de 
sired result, and that Ds, produce a 
result beyond that desired. Dosage D. 
is intermediate between D), and Dz. In 
Figure 1, Ds is greater than the re- 
quired dosage, but it will be shown 


necessary 
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later that D2 may have any value be- 
tween D; and Ds. Let Rp represent 
the numerical value of the desired re- 
sult, and let X represent the corre- 
sponding required dosage. Extrapola- 
tion from the two observed points Ds, 
Ry, and Ds, Rs value of Y 


which may be designated as 


vives a 


Ds)(R» Ry 
D 
R 


By interpolation from points D,, Rj, 


and Do, Re, another value of Y is ob- 
tained, which is called Y;,. 


— Rp 
R, 
Kor the second approximation of YX, 


the point midway between NX; and JY, 
is found easily by the formula: 


— D, 


Xi +X 


There is no need to construct a graph 
comparable to Figure 1. The formulae 
may be applied directly to the ob- 
served data. 

Exactly the same formulas apply if 
Dz is less than Y. In this ease, Ry 
will be less than Ry. The only ditfer- 
ence is that the factor Rs — Rp, which 
both Equations 1 2; 
will then be negative. 


appears in and 
This makes the 
second term of each equation positive, 
to give values of Y; and X, which are 
than Also, in this 
Equation 1 will give an interpolated 
value of Y, and Equation 2 an extra- 
polated value. The final result will be 
unchanged. 


greater 


Case. 


Experimental Testing 


Data demonstrating the practical ap- 
plication of the graphical method and 
the second approximation method ap- 


pear in Tables I, IT, 
data actually represent 
mand’’ 
waste. 


and III. The 

‘chlorine de- 
strong industrial 
In other words, the desired re- 
sult in this case was the presence of a 
specified 


values of a 


concentration of residual 


: 

4 

> 

. 
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TABLE I. Comparison of Chlorine Demands 
of an Industrial Waste Obtained by 
Amperometric Titration as Calculated 
by Graphical and Mathematical 
Interpolation 


Chlorine Demand 


Difference 


te 


time. 
Il show corresponding 
the graphical 
mathematical 


chlorine after a given contact 
Tables | 
values obtained — by 
method the 


approximation in 30 different determi- 


and 


and second 


nations. The two tables present data 
obtained by two different methods of 
analysis for residual chlorine. No com- 
parison between analytical methods is 
intended. In the 30 results 
presented in the two tables, the mathe- 


sets of 


TABLE III. 


CHLORINE DETERMINATIONS 


TABLE II. 


5O9 


Comparison of Chlorine Demands 
of an Industrial Waste Obtained by O.T. 
Method as Calculated by Graphical 
and Mathematical Interpolation 


Chlorine Demand (mg 1 
Sample 
0. 
Mathematical 


Graphical Difference 


matical result was the higher in 17 
and the graphical result was 
higher in 13. This indicates no tend- 
ency toward a consistent or systematic 
difference in either direction. Sta- 
tistical analysis of the data gives 3.2 
per cent as the probable difference be- 
tween an answer obtained mathe- 
matically and the corresponding 
graphically computed answer. This is 
of about the order of magnitude of 
the precision of measuring the chlorine 


Cases 


dosage applied, and hence is within 
the confidence limit of any result, in- 
cluding that obtained by actual ob- 
servation of the desired result. 

Table III presents the data of an- 
other set of determinations, in which 
sufficient numbers of dosages were used 
to permit actual observation of the de- 


Comparison of Chlorine Demands of an Industrial Waste Obtained by Either 


Amperometric Titration or O.T. Method, as Actually Observed at a Residual of 0.1 mg/1 
of Cl., and by Graphical and Mathematical Interpretation 


Chlorine Demand 


Observed 


Amp. titr 
Amp. titr. 
Amp. titr. 
TF. 
CT. 


* From observed value. 


Mathematical 


me |) Per Cent Variation* 


raphical Mathematical Graphical 
Q7 | 1.0 53.0 
5.8 

s2 | 48 
225 
221 


223 


‘ 
Mathematical | Graphical | 
177 172 

] 74 73 117 115 
i 2 129 128 3 160 156 
127 123 233 211 
5S 5 236 225 
5 6 248 250 
6 57 5S 7 251 223 Ss 

7 113 117 8 301 4 7 
8 111 104 261 264 3 
80 | 10 251 254 3 
11 2 
12 64 68 
SO SS 3 
14 76 74 2 
15 101 6 
lt 59 | 5 
17 72 75 3 

IS 14 3 
20 76 S2 6 
: 

Sample Method for 
‘ No Residual | 
100 | : 
2 | 120 113 
; 3 84 80 
238 236 
; 5 230 233 
s 6 225 231 = 2.7 0.9 
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sired residual concentration of chlo- tempting to actually observe that re- 
rine. The data are limited because of sult is a laborious and expensive pro- 
the time and sample volumes consumed cedure. If, however, the results pro- 
in this procedure. Accordingly, the duced by three or more dosages brack- 
precision of statistical constants ob- eting the required dosage are observed, 
tained from the data is not extremely the required dosage may be derived by 
good, but the data show that the vari- either graphical or 
ation of either indirect method from means. Since the 
the value obtained by direct observa- 
tion is about the same as the variation 
between the two methods. Again, con- 


mathematical 
accuracy of the 
answers so obtained is as good as the 


accuracy of measuring the dosages and 
their effects, it is comparable to that 
sidering the accuracy with which the realized by direct observation. While 
dosage of chlorine is known, it is ap- 


there is no significant loss of accuracy, 
parent that for a given determination, a great increase 
any one of the three values presented — ized, through savings of time, reagents, 
is equally likely to represent the true and sample volumes. 

value of the chlorine demand. 


ot efficiency is real- 


The mathematical second approxima- 
tion requires slightly less time than the 
graphical method, and has the ad- 

Determining the chlorine dosage re- vantage of giving a completely objec- 
quired to produce a given result by at- 


Summary 


tive interpretation of the data. 


SEWER BOND SALES AND INTEREST 


Net Interest 


General Oblig 


1960 


Jan 4.10 1.68 
Feb 37.2 3.65 3.98 
Mar. 21.7 3.65 1.90 
Apr. 43.2 3.70 3.90 
May 23.2 3.79 1.53 
June 36.7 3.91 1.09 
July 55.5 3.74 

Aug 39.2 3.27 1.10 
Sept 30.35 3.42 
Oct. 16.4 3.28 1.79 
Nov 26.3 3.30 
Dec. 24.1 3.41 1.11 
1961 


Jan. 


Data from > Public Health Service. 


ag 
. 
(Cost of Sewer Bonds 
2 per cent 
Sewer Bond Sales | 
Date j | 
tat 
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WASTE CONTROL AT THE HANFORD 
PLUTONIUM PRODUCTION PLANT 


The atomic installation at 


Hanford is comprised of a complex of 


energy 


process and research operations estab- 
lished in nine widely separated sites on 
a 567-sq mile reservation in southeast- 
ern Washington. The general orienta- 
tion of the plant is shown in Figure 1. 
This which almost en- 
tirely of sagebrush desert, was chosen 
as the site for the plutonium produe- 
tion reactors because of the few settlers 
which would have to be displaced, the 
abundance of high-quality water from 
the Columbia River, an adequacy of 
power from hydroelectric dams, and 
favorable terrain. The was also 
suited the control of 
large quantities of radioactive waste. 
The precise locations of the differ- 
ent facilities with various 
selected to make 
optimum use of the topography. The 
(a) 
preparation of uranium-metal fuel ele- 
ments, (b) 


area, consists 


site 


admirably for 


associated 


process steps were 


basie steps in the process include: 


irradiation of the uranium 
in the nuclear chain reactors so that a 
part is transmuted into plutonium, and 
the fuel elements 
followed by chemical separation and 
purification of the plutonium. 


(c) dissolution of 


The un- 
altered uranium is also recovered for 


reuse. In addition to these manufae- 
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33rd An- 
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The paper was presented at the 
nual Veetina of the 


Federation in Philade Iphia, Pa., October 2 6, 
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turing functions, Hanford is the site of 
extensive operations which 
contribute not only advanced concepts 
and with the 
various processes but also provide basic 
information on the handling and con- 
trol of wastes and on the many aspects 
of safeguarding workers and the public 
at large from overexposure to radioac- 
tive materials. 

The potential radiation hazard as- 
sociated with preparation of the fuel 
elements and with most of the research 
laboratories is small and these facilities 
are conveniently located at the south- 
ern edge of the reservation close to the 
city of Richland. The are 
placed close to the river, which sup- 


research 


technology associated 


reactors 


plies the water needed for cooling. 
Because some of them were the first 
high-power reactors ever built and 


they were placed in operation when 
reactor technology was a new art, they 
were located some distance from popu- 
lation The chemical separa- 
tion plants, which use far less water 


centers. 


than the reactors, are placed inland on 
a low plateau where ground conditions 
are most favorable for containment of 
radioactive liquid wastes. Several of 
the aspects of radioactive waste dis- 
posal at Hanford have been described 
by Rostenbach (1). 


Nature and Disposition of Waste 


Virtually all of the radionuclides 
which are eventually present in the 
wastes are created in the reactors. 
Two different mechanisms are involved 
in their formation, but these oceur 
coincidentally. One mechanism is the 
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FIGURE 1.—Hanford plant environs. 


formation of 
the fuel elements 
uranium-235 


within 
ot 
neutrons 
The 
fission products accumulate in the ele- 
ments as the fuel is expended and, be- 
cause they act as poisons to the chain 
reactions, contribute to the 


fission-products 
the 
by 


as atoms 


split 
ejected by other uranium atoms. 


are 


need for 
replacement of the fuel in the reactors, 
Under normal circumstances the fission 
products do not escape from the fuel 
elements until they are dissolved in the 
At that 
they constitute a major 


chemical separations plants. 
point, however, 
handling and disposal problem. 

Not all of the neutrons produced in 
the fission process are involved in sus- 
taining the chain reaction. of 
them are captured by the common iso- 
tope of uranium-238, which leads to the 
creation of the 
plutonium-239, Other neutrons escape 
the fuel elements and are absorbed by 


Some 


new enere’y souree, 


the 
rods, the 


materials within 
the control 


such 
piping, the cool 
ant, the atmosphere, and the surround 
ing shields. 


reactor as 


As a result of the neutron 
all of 


become radioactive; this is the second 


bombardment, these materials 


mechanism which creates radioactive 
wastes. 

When the fuel elements are removed 
from the reactor or the reactor is shut 
down, essentially no additional radio 
active created. 
formed, however, there is 
which the ean 
be ‘‘deactivated”’ the 


built-in radioactive decay process itself. 


material is 


no way by 


radioactive substances 
save through 
Dependent on the particular nuelide 
involved, this may be accomplished in 
fractions of seconds or only after thou- 
Nevertheless, the ra- 
of 
chemical elements and, with proper ra- 
diological they be 


sands of years. 


dioactive materials are isotopes 


precautions, ean 


ADDLE MOUNTAINS 
— / < 
i 
4 
= 
COLUMBIA 
_ 
: 
; 
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manipulated in the same manner as the 
non-radioactive isotopes of the same 
elements. They can be placed in solu- 
tion, combined into compounds, con- 
centrated, precipitated, diluted, or vola- 
tilized. Unlike the neutrons of the reae- 
tor, however, the radioactive wastes 
cannot change the atoms of other ma- 
terials into radionuclides. On the other 
hand, because of their chemical prop- 
erties, they may cling to the surfaces of 
things which they touch with such 
tenacity that great effort is needed to 
dislodge them. Equipment which has 
become contaminated through contact 
with a radioactive substanee may, 
therefore, need to be disposed of asa 
type of radioactive waste. 

The basic objectives in the manage- 
ment of the radioactive wastes are: 
a) concentration of high-level wastes 
and long-term storage while the process 
of radioactive decay gradually reduces 
their potency, (b) retention of inter- 
mediate-level wastes in the ground in 
such a manner that radionuclides of 


significance do not enter the environ- 
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ment, and (c) dilution of low-level 
wastes with air or water to such an 
extent that they do not constitute a 
hazard in the environment. The varied 
process and research operations at Han- 
ford generate radioactive wastes which 
are indicated schematically in Figure 
2. Those which are handled as liquids 
and which require extensive manage- 
ment are emphasized here. 


Fuel Preparation 


Natural uranium in a highly purified 
state js supplied to Hanford in the 
form of metal cylinders. Local prepa- 
ration of the fuel elements includes 
bonding of an aluminum jacket to the 
uranium and rigorous testing to guard 
against failure of the jacket when 
the element is placed in a_ reactor. 
The wastes which arise from  jack- 
eting and testing of the elements 
are typical of those encountered in 
metal processing industries and con- 
sist mostly of cooling water, pickling 
rinses, and dilute caustics. Although 
the uranium is naturally radioactive 
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FIGURE 2.—Hanford process flow chart, 
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COMPOSITION AT 4 HOURS 
READ SCALE AT LEFT 


COMPOSITION AT 24 HOURS 
READ SCALE AT RIGHT 


* * 


Np239 


PER CENT OF TOTAL ACTIVITY AT 4 HOURS 


PER CENT OF TOTAL ACTIVITY AT 24 HOURS 


* * * * 


p32 y90 7/35 93 


* * * * * 


FIGURE 3.—Radioelement content of reactor effluent 4 hr and 24 hr after irradiation. 
(Radioelements marked * are routinely measured.) 


and must be handled with respect, the 
waste disposal problems associated with 
this operation are minor in comparison 
with those 
radiation of 
actors. 

The waste solutions resulting from 
the fabrication of the fuel elements con- 
tain only low concentrations of ura- 
nium and are either 
of two settling ponds located a few 
hundred feet back from the Columbia 
River. 
level uranium wastes from some of the 
research These 
percolate down to the water 
table beneath the ponds and eventually 
into the Columbia River. The 
concentration of uranium in the pond 
water averages about 5 * 107 ye/ml, 
a level which would be quite acceptable 
in’ drinking 
natural constituent of Columbia River 
water and is normally found at a con 
centration of about 2 pe/ml. 


following ir- 
the re- 


encountered 


the uranium in 


discharged to 


These ponds also receive low- 


laboratories. wastes 


slowly 
seep 
Uranium is a 


water.” 


*The maximum permissible concentration 
of natural uranium in drinking water 
mended for occupational exposure by the Na 
tional Committee on 


» 


pe/ml (2). 


recom 


Radiation Protection is 


Close to the settling ponds the coneen- 


tration of uranium in river water is 
nearly twice the natural amount (3 

but the contribution from the ponds is 
diluted to such an extent that it cannot 
be distinguished the natural 


amount beyond a mile downstream. 


from 


Reactor Operation 


The splitting of the uranium atoms 
in the reactors releases a large amount 
of energy, which heats up the fuel ele 
and the matrix of the reae- 
To avoid thermal damage, this 
heat is continuously removed by copious 
amounts of water pumped through the 
channels which the fuel 


ments 


tors. 


contain ele- 
ments. 

The cooling water is drawn from the 
Columbia River, but before use in the 
reactor it is purified by conventional 
methods floecula- 
tion, filtration through 
Adjustment of 
addition of 


consisting of 
settling, and 
anthracite and 
the pH and sodium di- 
chromate complete the treatment. The 
cooling water makes but a single, brief 


sand. 


pass through the reactor—no recireula- 


tion loops or heat exchangers are used. 
As the effluent, 


cooling water, or 


“4 
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leaves the reactor it is quite hot and 
contains radioactive materials. 
of these radioactive materials are the 


Some 


result of neutrons striking materials 
normally solution in the 
result from the 
corrosion of reactor piping that has 


present in 
cooling water; some 
been subject to neutron bombardment ; 
and some result from the fissioning of 
natural uranium present in river water. 
In a general way, the radioactivity of 
the effluent can be viewed as originating 


from impurities in the water which 
have been made radioactive during 
their trip through the reactor. More 


than 60 radionuclides have been iden- 
tified in the effluent. 
these has a different rate of radioactive 


Beeause each of 


decay, their relative abundance is con- 
stantly The comparative 
the nuclides which 
make up most of the radioactivity at 4 


changing. 
concentrations of 


hr and at 24 hr are shown in Figure 3. 
The nuclides with very short half-lives, 
Mn**, Zn®, Sr®* U***, and 
Nb*, have virtually disappeared by the 
end of the first day ; Whereas, those with 
longer lives, such as Cr®, Np***, Zn®, 
and P**, have decayed only slightly 
during this time and more 
dominant position. 


such as 


assume a 


Although the presence of the reactor- 
produced radionuclides demands that 
the effluent be managed as a radioactive 
waste, the actual concentrations of the 
nuclides are quite low under normal 
operating conditions. The concentra- 
tions are, in fact, so low that no single 
nuclide is present at a concentration 
which exceeds the maximum permissi- 
ble concentration for drinking water 
for occupational workers (2). The ef- 
fluent is not, of course, of drinking 
water quality inasmuch as a mixture of 
many nuclides is involved and their 
additive effects must be taken into ae- 
count. Because of the low concentra- 
tions and large volumes involved, it is 
not practical to scavenge the radioac- 
tive materials from the effluent by con- 
ventional methods. In this case, how- 
ever, the capability of greatly diluting 
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the effluent is at hand because the flow 
in this section of the Columbia River 
is seldom less than 50,000 cfs, and is 
several times greater during the spring 
and early summer months. Although 
the calculated dilution would indicate 
that the Columbia River water down- 
stream would be quite safe for use as 
domestic supplies, a substantial amount 
of research and monitoring effort has 
been expended to provide assurance 
that this is indeed the case and that the 
river water is also safe for other users. 
This aspect is treated in more detail in 
a following section. 

Prior to release in the river via sub- 
merged pipes, the effluent is retained 
briefly in basins or tanks. This reten- 
tion allows some radioactive decay of 
short-lived radionuclides—enough to 
reduce the gross radioactivity of the 
effluent by 50 to 70 per cent. It also 
provides an opportunity for diversion 
of off-standard effluent (on rare ocea- 
sions it is desirable to direct effluent 
having an unusually high radioactive 
content into trenches, where it seeps 
into the ground). 

Off-standard effluent can result from 
a break or perforation in the aluminum 
jacket of a fuel element allowing the 
fission products to enter the water. A 
single small break may more than 
double the gross radioactivity of the 
effluent leaving a reactor, especially in- 
the concentrations of the 
longer-lived nuclides. As soon as a 
break is detected, the reactor is shut 
down and the offending fuel element is 
replaced. 

The flow of cooling water through a 
typical reactor area and its return to 
the river as effluent is shown schemati- 
cally in Figure 4. In addition to the 
liquid effluent, there are two minor 
sources of radioactive waste from the 
reactors. One is the air used for ven- 
tilation, which is continuously ex- 
hausted to the atmosphere through a 
stack. This air picks up contaminated 
dust from portions of the reactor build- 
ing which are normally unoccupied, to- 


creasing 


j 
| 


WATER TREATMENT 
FLOCULATION 
FILTRATION 
CHEMICAL ADDITION 


REACTOR 


gether with any gas which leaks from 
the reactor chassis. Only in the event 
of a serious and highly improbable ac- 
cident would this exhausted air lead to 
significant contamination beyond the 
project boundaries. As an added pre- 
caution, however, fog-spray equipment 
backed up with Absolute’’ 
type filters are now being installed to 
limit the escape of small particles 

The remaining type of waste worth 
mentioning is the solids that have be 
come radioactive either as a result of 
neutron activation within the 
because of contamination 


reactor 
through 
have been 


or 
contact with materials that 
used in the reactor. Involved are such 
things as aluminum spacers used to 
center the fuel 
parts of the reactor hardware which 
have to be paper, boards, 
the like. 


shallow 


charge of elements, 
replaced, 
rags, worn-out tools, and 
These buried in 
trenches above the level of the ground 
water. 
rials from them is negligible, as mois 
ture from the limited rainfall 
trates only a few feet. Similar solid 
wastes are buried in a like manner at 
all of the process areas, 


solids are 
Leaching of radioactive mate- 


pene- 


Chemical Separation 
Processing of the highly radioactive 


fuel elements after their discharge 
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FIGURE 4.—Water flow through a typical reactor area. 


from the reactors must be carried out 


by remote control. The elements are 
placed in 


where the aluminum jackets are dis- 


first stainless steel tanks 
solved with a sodium nitrate and caustic 
solution. The uranium, together with 
its associated fission products and plu- 
tonium, is then dissolved in nitrie acid 
and the piped 
through a 
The end products of the process are: 


resulting solution is 


solvent extraction process. 
a) a plutonium concentration which 
is refined for future use as a nuclear 
uranium oxide 
which can be shipped off-site for redue- 
tion to metal and eventual reuse in the 
a highly radioactive 


energy source, ()) a 


reactors, and (¢ 
liquid waste which contains the fission 


products. This waste contains large 
amounts of such long-lived radionu- 
¢lides as Sr®°, and 


Ce™*, and is too hazardous to disperse 
in the environment. 
to the reactor effluent, not even one gal- 


In great contrast 


lon per day of this high-level waste 
could be disposed of to the Columbia 
River without exceeding maximum per 
missible concentrations. 


Permanent Containment 


At present, permanent containment 
is the only satisfactory method of han- 
dling the high-level waste. 
complished in steel-lined conerete tanks 


This is ae- 
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buried a few feet underground. Each 
tank has a capacity of 0.5 to 1 mil gal 
and the total volume of waste accumu- 
lated to date is approximately 52 mil 
val. To conserve tank space, the quan- 
tities of liquids used in the process are 
kept at a minimum, process water is 
reused insofar as practical, and the 
volume of the waste is redueed by 
evaporation prior to storage. 


An appreciable amount of heat is 
liberated as the radionuclides decay. 


This causes the temperature of the 
wastes stored in the tanks to rise @erad- 
ually until the liquid begins to. boil. 
This boiling is deliberately used as a 
means of further reducing the volume 
of the waste and thus the recovery of 
space in the tanks. The coneentrations 
in the tanks are actually so high that 
the wastes are in the form of slurries 
rather than solutions. Sludge-like de- 
posits several feet thick exist in some 
tanks. 

Although the great bulk of the fis- 
sion products can be directed to the 
storage tanks, it is neither technically 
practical, nor necessary for radiologi- 
eal aspects, to remove every trace of 
radioactive material from the process 
solutions. To do so would require vir- 
tually 100 per cent efficiency on the re- 
covery of more than 80 elements of 
widely different chemical character- 
istics from large volumes of a complex 
chemical mixture, a chemical engineer- 
ing feat considerably bevond economic 
practicability by present-day technol- 
ogy (4). 


Ground Disposal 


Liquid wastes of an *‘intermediate’’ 
level of radioactivity include the con- 
densed vapors arising from the evapora- 
tion of the higher-level wastes, solu- 
tions used in later steps of the separa- 
tions process to complete the decon- 
tamination of the plutonium and ura- 
nium, aged solutions of high-level 
wastes from which the remaining long- 
lived isotopes have been scavenged, and 
some process steam condensate. The 


volume of this intermediate waste is on 
the order of O.8 mgd and its concentra- 
tion of radioactive materials generally 
is in the range of 10° to 100 pe/mi. 
Although far less radioactive than the 
high-level waste stored in the tanks, 
the intermediate waste is not suitable 
for dissipation in the environment. An 
approximate comparison can again be 
made to the reactor effluent based on 
drinking water standards. With the 
allowance of one day for decay of the 
short-lived nuclides present in the re- 
actor effluent, one gallon of typical in- 
termediate waste would be equivalent 
in radiological hazard to about one mil- 
lion gallons of the reactor effluent. 

Through careful control it has been 
possible to dispose of the intermediate 
waste to the ground. In a very real 
sense this action is not disposal but 
vround storage, inasmuch as the method 
utilizes the capacity of the clay fraction 
of the soil to retain the radioactive 
contaminants through ion exchange, 
adsorption, and hold-up in pore spaces. 
The principal method of introducing 
the waste into the ground is through 
porous beds of graded gravel, which 
effectively distribute the waste over the 
desired area. These structures, called 
‘feribs’’ or ‘‘caverns,’’ are placed a 
few feet below grade and precautions 
are taken to prevent the waste from 
seeping up to the surface of the ground. 
Before reaching the water table, some 
200 to 300 ft below the surface, the 
significant nuclides in the waste liquid 
are effectively retained in the glacio- 
fluviatile sediments through which the 
liquid has slowly percolated. 

Occasionally, isolated batches of 
waste are generated with chemieal 
characteristics that would interfere 
with the desired ion exchange reaction 
normally available in the ground be- 
neath the cribs. Such ‘‘incompatible’’ 
wastes are piped to open trenches, 
which are immediately back-filled to 
prevent dissemination of surface con- 
tamination by winds. 

Since the plants were put into opera- 
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FIGURE 5.—Hanford site cross-section schematic showing waste disposal facilities. 


tion in 1944, more than 4 bil gal of in- 
termediate-level waste have been sent 
to eribs and trenches. The cost of dis- 
posal to eribs has been from $0.001 to 
$0.003 per gal and to trenches about 
$0.03 to $0.05 per gal. Such 
volumes could not have been economi- 
eally stored in tanks. It should be 
stressed, however, that the continued 
practice of ground disposal with safety 
has been made possible through con- 
certed research and monitoring effort. 
The volumes of waste sent to tanks 
or cribs represent but a small fraction 


large 


of the water pumped to the separations 
plants each day from the Columbia 
River. A major fraction of the im- 
ported water is used for utility pur- 
poses or in process functions where it 
does not normally become significantly 
contaminated with radioactive mate- 
rials. This wastewater, which amounts 
to some 12 med, is discharged into sur- 
face depressions where it forms shal- 
low ponds or swamps. This water is 
handled as a_ low-level radioactive 
waste, however, because minor leaks in 
process piping result in low-level con- 
tamination. 


The water discharged into the sur- 
face ponds seeps into the ground and 
eventually reaches the table. 
Continuous use of the ponds for some 
created an artificial 
mound of water on top of the original 
water table under each of the two 
separations areas. The western mound 
is in fine sand and clay, and its top 


water 


15 years has 


now stands some 75 ft above the origi- 
nal water table. 
situated in an area characterized by 
sand and gravel and its top is about 20 
ft high. 
ent of the ground water has been sub- 
stantially modified by these mounds. 
Although the eastern mound may tend 
to constrain the movement of wastes 
toward the Columbia River, no reliance 
is placed on this transitory feature. 
The principal topographical features 


The eastern mound is 


The natural hydraulie gradi- 


of this liquid waste disposal complex 
are shown in Figure 5. 


Waste 


Air-Borne 


For completeness, one other radioac- 
tive waste originating in the separa- 
tions process must be mentioned. This 
is air-borne and its principal source is 
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which the fuel elements 
As the metal is put in 
solution, various radioactive gases (such 


the tanks in 


are dissolved. 

as radio-xenon) are released, vapors 
(such as radio-iodine) are generated, 
and entrained radioactive particles (in- 
cluding those of radio-ruthenium) are 
carried away. Later steps in the proe- 
ess add more of these same materials 
to the Before release 
through 200-ft stacks, the radioactive 
contaminants are removed with a high 


process air. 


degree of efficiency by beds of porous 
material impregnated with silver ni- 
trate, by 
filters. Experience has shown that the 
residual I is the 
most important reference on which to 


caustic scrubbers, and by 
leaving the stack 
hbase day-by-day control. 


Bases of the Waste Management 
Program 

The waste disposal policy for the 

Hanford plant, as stated by Parker 


2), 1s to limit the exposure of 
individuals significant life 
forms to the lowest practicable level.”’ 
He further points out that, ‘‘ The local 
standards are not less conservative than 
those prescribed by the Atomic Energy 
Commission and are broadly responsive 
to those promulgated by other qualified 
sources such as the National Committee 
on Radiation Protection and Measure- 


and other 


ment, and the International Commis- 
sion on Radiological Protection. Par- 
ticularly in matters concerned with 


releases of radioactive material to the 


environment, the posture has been 
conservative. Due to local research, 
limits substantially more restrictive 


than those to be inferred from conven- 
tional frequently 
developed.”’ 


sources have been 

The objectives of the program are 
attained through substantial effort in 
six general areas, as follows: 

1. Limiting the quantities of radio- 
active materials which are released to 
the environment. 

2. Determining, from laboratory 
studies, the capacity of soils and other 
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ion-exchange media for retention of 
radioactive materials. 

3. Tracking the released material as 
it moves through, or is dispersed in 
the receiving mediums or as it follows 
a variety of pathways which may bring 
it in contact with man. 

4. Monitoring those substances, in- 
cluding foodstuffs, which may con- 
tribute to the radiation exposure of 
people living in the vicinity of the 
plant. 

5. Comparing the quantities of par- 
ticular radionuclides detected in local 
inhabitants with amounts observed in 
people from other regions. 

6. Determining, through laboratory 
studies, maximum permissible coneen- 
trations of the wastes in the environ- 
ment for the protection of domestic 
animals, fish, wildlife, and crops. 


The diversified nature of these areas 
points up the importance of close as- 
sociation of research and development 
with routine plant operations. Only 
through a broad and integrated pro- 
gram of this kind has it been possible 
for a major-sized plant employing 
radically new concepts to handle with 
assurance of safety its large volume of 
waste of unprecedented characteristics. 


Limiting Release to the Environment 
Reactor Effluent 


Jecause the high- and intermediate- 
level wastes arising in the chemical 
separations plants are effectively con- 
tained, the reactor effluent is the domi- 
nant source of radioactive materials re- 
leased to the environment. Short of a 
recirculating loop with heat exchanger 
to isolate the neutron-irradiated water 
from the river water, there are three 
general methods which appear to have 
appreciable potential for minimizing 
the quantity of radionuclides released 
to the river. One of these involves 
identification and subsequent reduction 
of the specific substances in the coolant 
which are transmuted into radionu- 
Another method 


clides of importance. 
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involves the use of chemicals to mini- 
mize the holdup and thus the irradia- 
tion time of the parent nuclides which 
cling to the the reactor 
tubes. A third method involves selee- 
tive retention of some radioisotopes for 
a sufficiently long period to allow sub- 
stantial radioactive decay. Preliminary 
studies in these areas are encouraging 
and a more effort 
along these lines is now in progress. 
Because the 
source of 


surfaces of 


concerted research 
the 
neutrons needed for 
plutonium production and, in the case 
of power production, is the basic source 
of energy, the formation of fission 
products in the fuel elements is in- 
eseapable. A major 
vineering effort has been 
ward confinement of the prod- 
ucts which are produced so that mini- 
mum amounts reach the environment. 
The first opportunity for such confine- 
ment is with the jackets of the fuel 
elements, as failure the 
products to 
enter the coolant and eventually the 
Columbia River. A continuing pro- 
gram for development of superior fuel 
elements during the last several years 


fission process is 


basi¢ 


research and en- 
directed to 
fission 


jacket within 


reactors permits fission 


has resulted in a substantial reduction 
in the percentage of jacket failures. 
Chemical Se paration s Plants 


the 
wastes 


Inasmuch as practically all of 
the 
of the chemical separations plants, a 


fission products appear in 


major part of the research effort and 
facilities devoted to 
associated with these plants. 


control is 
Further, 
as pointed out by Tomlinson (6) 


waste 


operations have always been planned 
on the premise that 
nificant quantity of fission 


lrelease of a sig- 
products to 
environment| must not occur.’’ 
the high-level 
tanks is the first phase in the 
ment program. It is 
these tanks will eventually 
and that this may the 
radioactivity of their contents has de- 
cayed to non-hazardous levels; 


the 
Storage of wastes in 
confine- 
that 


deteriorate 


recoen ized 
occur before 


esti- 
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mates of the useful lifetime of a tank 
range from a few decades to several 
hundred years. Should a leak oceur it 
would be evidenced by an unanticipated 
drop in the liquid level in a 
by the 


tank and 
radioactive con- 
taminants in monitoring wells nearby. 
In the event that a leak develops, fa- 
cilities have provided for the 
prompt transter of the waste to another 
tank. Additional factors of safety are: 
(a) the some 200 ft of dry 
beneath the tanks and above the water 
table which would retain the 
from a modest and (b) 
that a substantial part of the 
tive 


appearance of 


been 


sediments 


liquid 
the fact 
radioac- 
with the 
heavy sludge which would tend to seal 
the leak rather than move through the 
ground, 

It is 
definite 


leak, 


material is associated 


that in 
high-level liquid 
wastes in tanks is not an ultimate solu- 
tion. 


generally recognized 


storage of 
Processes for economically 
verting the liquid wastes into solids or 
otherwise them to achieve 
positive containment are being investi- 
gated at Hanford as well as at other 


sites. 


con- 


‘fixing’? 


Proper limitation of 
intermediate 


the quantity of 
level waste discharged to 
ground at particular crib sites requires 
the evaluation of 
and chemical 
waste and the disposal area. 
ture abandonment of 
point 
penditure of 
On the other 


same. site 


extensive physical 
both the 


Prema 


information on 


a particular dis 


charge entails unnecessary ex- 
funds at 
hand, 
could result) in 


contamination of the 


new locations. 
of the 
undesirable 
ground water. 
Both laboratory tests and field observa- 


CXCOSSIN e use 


tions are employed to achieve optimum 
use of ground disposal facilities. 

The mechanisms involved in the re- 
tention of the nuclides by soil particles 
are strongly influenced by the chemical 
composition of mecha- 
laboratory in 


Wastes. These 
studied in the 


order to evaluate 


nisms are 
radionuclide removal 
efficiency and to determine the desira- 


bility of further treatment of the waste 
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to improve nuclide retention by the 
Account must also be taken of 
the fact that the soils at different dis- 
posal areas may vary widely in grain 


soils. 


size, mineral composition, and ion-ex- 
change capacity. 

All of the different radioelements in 
the wastes are not fixed to the soil par- 


ticles with equal binding force. Those 
which are loosely held tend to move 
through the ground; whereas, those 


remain near 
The addition 
of chemicals which might mobilize the 


bound 
the point of discharge. 


which are tightly 


waste by weakening the bonds between 
the radioactive ions and the soil strue- 
Radiostrontium and 
radiocesium are most effectively fixed 
in the soil if introduced in an alkaline 
Radioruthenium (Ru'’*), an 
abundant fission product with a half- 
life of one year, usually occurs in the 


ture is avoided. 


solution. 


waste as a neutral molecule or an anion, 
In this form the ruthenium is not well 
fixed on the soil and travels nearly as 
fast as the water vehicle. Because of 
its comparatively high mobility through 
the soil beneath the crib sites, ruthe- 
nium is usually the first radionuclide 
to reach the water table. Its detection 
in monitoring wells adjacent to the 
cribs heralds the approach of the more 
hazardous isotopes. Use of a particu- 
lar disposal facility is discontinued 
when radionuclides with half-lives of 
more than three years are detected in 
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FIGURE 6.—Geologic cross-section of Hanford Works area. 


SCALE —— MILES 
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the ground water in amounts approxi- 
mating one-tenth of the maximum con- 
centration permitted for occupational 
exposure (2). 


Tracking the Released Material 


Ground Disposal 


Liquid waste which has entered the 
water table beneath a disposal site will 
be transported in the ground water and 
may ultimately reach surface waters. 
Determination of the most probable 
place, time, and concentration at which 
the radioactive contaminants may re- 
appear substantial tech- 
nological challenge and has entailed a 
major research effort at the Hanford 
site. Some 565 wells with a combined 
depth of more than 21 miles have been 
driven into the sediments of the area. 
Of these, 340 reach to the water table 
and SO penetrate to the thick layer of 
basalt which underlies the region, 
data from this extensive probing have 
been carefully evaluated to provide a 
reasonably accurate picture of the ge- 
ology and hydrology of the region and 
a concept of the direction and rate of 
flow of the ground water. 


represents a 


>. 


A typical geological cross-section is 
shown in Figure 6. A layer of basalt 
several thousand feet thick forms the 
bedrock and its ridges are responsible 
for the hills and mountain features of 


the region (7). Because the ground 
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FIGURE 7.—Ground-water contours, Hanford Works area, June 1960. 


water does not penetrate the basalt, it 
must eventually leave the basaltic basin 
via either the 
Rivers. 

that any 


Yakima 
Assurance is thus provided 
radioactive 


Columbia or 


materials which 


reach the ground water will not travel 
creat distances through unknown chan- 
nels to areas which might be overlooked 
in the monitoring program. 

The most recent consolidation of data 
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on ground water elevation is shown on 
the contour map of Figure 7. Exeept 
for the mounds created by the utility 
water and low-level wastes of the sepa- 
rations plants, the water table slopes 
toward the Columbia River at a gradi- 
ent of about 5 to 10 ft/mile. This in- 
formation, in combination with exten- 
sive measurements of aquifer transmis- 
sibility and tracer tests to determine 
flow paths, has lead to an estimated 
average travel time from the disposal 
sites to the Columbia River of at least 
decades. 
which 

ground 


Inasmuch as the only nuelides 
are permitted to enter the 
water in significant amounts 
have half-lives of less than three years, 
appreciable decay before reaching the 
river is thus kurthermore, 
these nuclides must travel through the 
ground-water sediments a 


assured. 


distance of 
some 10 miles before reaching the river; 
this provides additional opportunities 
for ion exchange. ‘To date there has 
been no clear evidence that any of the 
radioactive placed in the 
ground at the separations plants have 
reached either the Columbia or Yakima 
Rivers. 


materials 


Columbia River 


Tracking of the reactor effluent re- 
the Columbia River is, of 
course, technically much simpler than 
following the ground 
the channel and flow 


leased to 


because 
rate of the river 
are well known. Certain features pe- 
culiar to the effluent must be deter- 
mined, however, and these include the 
dispersion pattern, the degree of re- 
tention of particular radionuclides m 
the river sediments and biota, and the 
average transport between the 
outfalls and the points of use. Be- 
cause the nuclides carried by the river 
water are available to aquatic forms 
and to irrigated crops, the possibility 
of exposures arising from a variety of 
foodstuffs must also be investigated. 
To determine the distribution of the 
effluent as it is swept downstream, sur- 
been made under various 


water, 


times 


veys have 
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hydrographic conditions. 
active materials discharged with the 
effluent can be detected in extremely 
small concentrations; therefore, they 
serve as effective tracers for such work. 
Although the effluent is released at the 
bottom of the river, it immediately be- 
comes distributed between the bottom 
and the surface, a depth of from 20 to 
40 ft. Distribution across the river, a 
distance of 1,000 to 2,000 ft, is ae- 
complished largely by turbulent dif- 
fusion and proceeds much more slowly. 
Even after traveling 20 to 30 miles 
downstream to the vicinity of Richland 
(see Figure 1), the effluent is not quite 
uniformly mixed throughout the river. 
Just below Richland, the Columbia is 
joined by the Yakima River, which 
tends to lower the concentration of ef- 
fluent along the west shore. About 10 
miles farther downstream, just below 
the city of the Snake River 
enters from the east and tends to lower 
the concentration of effluent along the 
At Me- 
Nary Dam, some 30 miles below the 
mouth of the Snake River, the concen- 
tration is essentially uniform. 

Not all of the radionuclides released 
to the river remain in solution. In- 
ventories made at Pasco, some 35 miles 
downstream from the reactors, indicate 
that an average of only about 40 per 
cent of the expected quantity of radio- 
active material is present (after cor- 
rection for radioactive decay). The 
balance of the material is removed by 
suspended silt particles, bottom sedi- 
ments, and living organisms. Because 
each element behaves in a different 
manner, the amount of depletion differs 
for each radionuclide and varies from 
less than 10 to more than 60 per cent 
(8). Of the abundant nuclides in the 
reactor effluent, only Cr** and Zn® are 
sufficiently long-lived (27- and 245-day 
half-lives, respectively) to show meas- 
urable accumulation in the bottom sedi- 
ments. At the existing rate of addi- 
tion of these nuclides to the river, there 
will be no further buildup, because an 


The radio- 


Pasco, 


east shore for several miles. 
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equilibrium has been reached between 
addition and loss by radioactive decay. 


Biological Chains 


Some of the radionuclides contained 
in the reactor effluent are assimilated 
by living organisms either directly or 
the 
fish, 
These 
which 
may be highly complex, can be as im- 
portant as the physical routes in carry- 
ing 


through a series of transfers in 
food webs, and may appear in 
wildlife, and farm products (9 

biological 


pathway s, some of 


certain radioactive materials to 


man. In specific cases, radionuclides 
which have been dispersed in a dilut- 
ing medium may be reconcentrated. 
The mechanisms involved in this bioae- 
cumulation of and the 
need significant 


deseribed 


radionuclides 
the 
been 


for identifying 
involved have 
previously (10) (11 
The possibility of radionuclides from 
the effluents appearing in 


routes 


biological 
the time the 
Hanford plants were built and a sub- 
stantial research and monitoring effort 


forms was recognized at 


has been devoted to this general area. 
Two distinet biological pathways have 
emerged which are of interest as pos- 
sible sources of effluent nuclides to man. 
One is the and 
Zn" by algae, with subsequent transfer 
of these nuclides through food webs to 
fish, shellfish, and waterfowl harvested 
outside the boundaries of the Hanford 
project. The the aceumula- 
tion of Zn" on pasture grass irrigated 
with Columbia River 
sequent transfer to 
and milk. 


econeentration of 


other is 


and sub- 


animals 


water 
erazing 


Waste 


Air-Borne 


Although are 
not a prime consideration of this paper, 
they are an part of the 
waste control program at Hanford. 
The need for information on the dilu- 
tion, dispersion, and eventual deposi- 
tion of air-borne contaminants released 
through plant stacks is quite compara- 
ble with that for the liquid wastes and 


atmospheric studies 


important 
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has entailed both synoptic and experi- 


mental meteorological studies at Han- 
This 
described by 
the de 
needed to 
predict the concentrations of radioae- 
tive materials which will be experi 
enced at ground level within 115 miles 
of the stacks under a variety of at- 


ford since the site was seleeted 
work, which 
Hilst (12 

velopment of 


has been 


has included : a 


information 


mospherie conditions and 
of the 
tions 


studies 


long-term average concentra 
encountered at various dis 
and from Hanford 
Much of the work has involved the ex- 


perimental 


tances directions 
non-radioactive 
tracers into the atmosphere ; the re- 
sults have led to improved methods of 


release of 


predicting atmospheric diffusion dur- 
ing periods of stable 
stratification. There has evolved from 


temperature 


this work ‘‘a system for stack emission 
control the maximum per- 
missible emission rate is specified on 


whereby 


the basis of maximum permissible short 
term concentrations, the existing mete 
orological conditions, and the flow rate 
in the staek’’ (12 

The most biologically important ra 
dionuclide the 
which eventually 

and 
deposited in 


normally present in 
stack gases is [! 


settles on vegetation ean subse- 


the thy roid 
Small 


quently be 


glands of erazing animals. 
reach man via 
produce milk. A sub 
stantial research effort at Hanford has 
been devoted to the 
mechanisms involved in the uptake and 
deposition of in domestic animals 
and loeal wildlife and to determination 
of the maximum permissible daily in- 
take for this nuclide in sheep. 


quantities may also 


varden and 


clarification of 


Measuring Radiation from 
Environmental Sources 


The 
management program developed for an 
industrial complex such as the Hanford 
operations must be judged on the basis 
of the total radiation dose received by 


success of a radioactive waste 


; 
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j 
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‘ 
- 
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persons living in the vicinity of the 
plant and by the biota of economic or 
aesthetic importance. Control of the 
wastes must, therefore, be responsive 
not only to circumstances prevailing 
at the point and time of release but 
also to conditions which will exist at 
the points of exposure. 

The exposure received by an indi- 
vidual may accrue from radioactive 
materials originating from more than 
one point of release or, at least, from 
radionuclides which have taken diver- 
vent pathways through the environ- 
ment. For example, minor exposures 
in the vieinity of the Hanford opera- 
tion might result from: (@) swimming 
in the Columbia River, (b) drinking 
river water, (¢) eating fish caught from 
the river, (d) drinking milk from cows 
Which have grazed on irrigated pas- 
tures, and (¢e) eating locally grown 
leafy vegetables. A number of addi- 
tional potential sources of exposure 
can also be postulated (13). Radio 
nuclides from the reactors would be 
identified with sources (a), (b (ce), 


and d), although the relative im- 


portance of specific nuclides would 
differ in each case. Atmospherie con- 
taminants from the separations plants 
and from world-wide fallout would 
contribute in cases (d) and (¢ 

To evaluate the significance of ex- 
posures which might conceivably re- 
sult from the various sources, an ex- 
tensive environmental monitoring pro- 
gram has been established.  Ineluded 
on routine schedules are direct meas- 
urements of the radiation emanating 
from the ground, from the river, and 
from the atmosphere, and radiochemi- 
cal assay of the concentrations of spe- 
cifie nuclides in the effluent from each 
reactor, in the Columbia River water 
and sediments, in drinking water sup- 
plies, in farm crops and products, in 
fish and waterfowl, in stack gases, in 
the atmosphere, in native grasses, and 
in rabbits. Sampling frequency varies 
with the kind of material and distance 
from the plant. River water, for ex- 
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ample, is sampled continuously at one 
location and on a weekly basis at sev- 
eral other sites in the immediate vi- 
cinity of the plant, but only twice 
monthly at a point some 250 miles 
downriver. Sampling of foodstuffs is 
dependent on their seasonal availabil- 
ity. In addition to the routine moni- 
toring program, special surveys are 
carried out from time to time to ob- 
tain supplementary data and to define 
uptake and transfer mechanisms. 
During 1959, some 30,000) samples 
were collected as a part of the environ- 
mental monitoring program. These 
were processed to provide about 55,000 
analytical results. Included this 
total are approximately 12,000 samples 
of water from the Columbia River, 
from the municipal supplies of Pasco 
and Kennewick, and from wells and 
other domestic sources. The radioiso- 
topic content of the water in the mu- 
nicipal water system of Pasco was 
recently described by Junkins (14 
Where a complex mixture of radio- 
nuclides is present, precise exposure 
evaluation cannot be accomplished 
solely from the gross determinations of 
the radioactivity of the mixture. It 
is necessary to determine the concen- 
tration of each individual radionuclide 
which is apt to be of significance. Of 
the total number of nuclides detected 
in the effluent, 17 are of sufficient in- 
terest that their concentration in water 
from the Columbia River or the mu- 
nicipal supplies is measured on a rou- 
tine basis. Analyses of less than a 
dozen are actually required for routine 
exposure evaluation. For the particu- 
lar mixture of radionuclides present, 
the maximum permissible coneentra- 
tions allowable in the gastrointestinal 
tract form the reference base * to 
which observed concentrations in the 
water may be compared. 
During 1959 the combined coneen- 
*For residents of the Paseo- Kennewick 
area, one-tenth of the MPC’s listed in the 
National Bureau of Standards’ Handbook 69 
for continuous occupational exposure are used. 
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trations of the radioactive materials 
present in the Pasco municipal system 
amounted to about 5 per cent of the 
maximum permissible amount. The 
value for Kennewick was less. Other 
sources, such as swimming in the river 
and consumption of local foods, would 
add to the total exposure received by 
some individuals. Although wide vari- 
ations in dietary habits and outside ae- 
tivities preclude a precise statement of 
the combined from all en- 
vironmental sources, estimates for typi- 
cal individuals fall in the range of 10 
to 15 per cent of the maximum per- 
missible exposure recommended by the 
National Committee on Radiation Pro- 
tection and Measurement (2 For 
individuals who consume un- 
usually large amounts of local fish that 
have accumulated radiophosphorus, 
estimates indicate that the composite 
exposure may reach as much as 40 to 
60 per cent of the appropriate limits 
(15). 

A new facility has recently been 
added at Hanford which permits direct 
estimate of the radionuclides present in 
individuals by measurement of the 
radiation emanating from them. Meas- 
urements are made with a large and 
highly sensitive scintillation-type coun- 
ter contained in a small room which is 
heavily shielded to minimize back- 
ground radiation from cosmic rays and 
other extraneous sources. 


exposure 


those 


This station 
provides data on plant workers, local 
residents, and on visitors from distant 
sections of the country. Apart from 
naturally occurring radionuclides and 
those attributable to fall- 
out, radiozine (Zn) is the most com- 
monly detected nuclide present in local 
residents (16). Results to date sug- 
vest that the body burden of Zn® in 
most individuals is much less than one 
per cent of the applicable limit, but in 
rare cases may approach two per cent. 


world-wide 


These direct measurements support the 
conclusion that radioactive wastes re- 
leased from the plants are not causing 


undue exposure in the environs. 
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Determining Permissible 
Concentrations 


The maximum permissible exposure 
considered appropriate for persons 
whose occupation involves the use of 
radiation sourees and for persons liv- 
ing outside of the controlled sites has 
received close attention by such scien- 
tifie bodies as the International Com- 
mission on Radiological Protection, the 
National Committee on Radiation Pro- 
tection and Measurements, the National 
Academy of Sciences-National Research 
Couneil, and, recently, the Federal 
Radiation Council. The published re- 
ports of bodies include 


mendations for a variety of cireum- 


these recom 
stanees and radiation sources and these 
updated from 
time to time as new knowledge becomes 
available. The 
Hanford has recognized the need for 
providing additional information on 
the environmental, metabolic, and toxi- 
ecological with 
those radionuclides which oceur in sig- 
nificant 
fluents. 
concerned not only with a refinement 


recommendations are 


research program at 


parameters associated 


concentrations in plant ef 
This work has included studies 


of values applicable to the human ease, 
but also with safe concentrations of ef- 
fluent in the environment for the pro- 
tection of crops, domestic animals, fish, 
and wildlife (17 

One 
been the determination of a maximum 


area of extensive research has 
permissible concentration of I’* in air 
based on the accumulation of this nu- 
elide in the thyroid glands of sheep 
which graze on local vegetation (18 
(19). The limit on the release of hae 
from plant stacks derived on this basis 
is about 3,000-fold 
than would be 
breathed by man. 


Bio-assay tests on 


more restrictive 


applicable for air 
the reactor ef- 
fluent have been carried out on fish at 
Hanford since the first year of opera- 
tion (20). This work has demonstrated 
that the concentration of effluent in 
the Columbia the toxic 
level. Although long-term laboratory 


is well below 
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tests using effluent concentrations sub- 
stantially higher than those encoun- 
tered in the river have produced toxie 
effects in young fish, studies on the 
separate effects of heat and process 
chemicals have shown that the limiting 
factor is not the radionuclides, but di- 
chromate added to inhibit corrosion in 
the reactors (21) (22). The chronic 
studies with hexavalent chromium us- 
ing sensitive life stages of fish has led 
to a locally recommended limit of 0.02 
mg/l Cr(VI) for the Columbia River, 
a limit appreciably below that  per- 
mitted for humans and one which is 
perhaps more than 100 times more 
stringent than would have been ar- 
rived at by short-exposure bio-assay 
techniques. 

The potential effect of reactor efflu- 
ent on irrigated crops has also been 
studied at Hanford through the use of 
experimental plots. There appears to 
be essentially no problem in this area, 
as no significant effects have been ob- 
served in plants grown in soil which 
contained the equivalent of 25 years’ 
accumulation of effluent constituents 


Conclusions 


With the startup of the Hanford 
plutonium production plant in 1944, 
large volumes of radioactive waste 
were created which required unprece- 
dented precautions in handling, stor- 
age, and release to the environment. 
Jecause of the potential for hazardous 
exposure and the lack of prior experi- 
ence, all phases of the waste handling 
program were approached with great 
caution and unusually large margins 
of safety. During the few years which 
have elapsed since the first chain reac- 
tion was produced, the technology as- 
sociated with handling of radioactive 
materials has grown from infaney to 
a state of proven ability. This rapid 
growth has been accomplished not only 
through operating experience but also 
in large part through aggressive pro- 
grams of research and development. 


No. 5 RADIOACTIVE WASTE 


The Hanford plant, with its great 
variety and quantities of radioactive 
wastes, can be considered as a proving 
ground for disposal practices. In ful- 
filling this function, many of the re- 
search and development programs have 
been integrated with, or have become a 
part of, the normal waste control op- 
eration. For this reason, it is difficult 
to break down the costs which might 
ordinarily be allocated to this function. 
Some approximations are possible, how- 
ever. As recently stated by Parker 
(15), ‘‘The capital costs of all Han- 
ford facilities or systems involved in 
the collection, handling, processing, 
monitoring, and control of gaseous, 
liquid, and solid waste effluents are ap- 
proximately $114 million. The related 
annual operating and maintenance 
costs are about $2 million, while re- 
search and development activities con- 
cerned with waste disposal problems 
are conducted at a level of $1 million 
annually.” 

The substantial investments in fa- 
cilities, methodology, and surveillance 
at Hanford open the way for equally 
safe but less expensive waste programs 
at future atomic energy plants and has 
demonstrated the feasibility of select- 
ing sites closer to population centers. 
Hanford experience has shown that, 
with rational operation, reactor ef- 
fluent can be discharged into a large 
river without degrading its use for 
other purposes downstream. Radiation 
exposures in the environs of most wa- 
ter-cooled power reactors of contempo- 
rary design will be even less, because 
the primary coolant is recirculated 
rather than released to the environ- 
ment. 

Satisfactory retention of air-borne 
contaminants requires extensive serub- 
bing and filtration but seemingly pre- 
sents no problems that cannot be over- 
come by the installation of sufficient 
equipment of modern design. Ground 
contamination in the vicinity of Han- 
ford attributable to plant operation is 
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currently less than that which has re- 
sulted from world-wide fallout. 

Tank storage, such as practiced at 
Ifanford and other large installations, 
is nots generally considered as an ul- 
timate solution to the high-level waste 
problem. Nevertheless, the success of 
this practice to date, especially in eom- 
bination with ground disposal of inter- 
mediate-level waste, provides assurance 
that development of power from fis- 
sionable materials can progress in an 
orderly manner for several decades 
without restriction because of accumu- 
lated liquid wastes. This should be 
ample time for the perfection of meth- 
ods which are superior to the storage of 
the waste as liquids in tanks. The 
practicability of tank-storage of high 
level wastes from power production for 
some time to come has been pointed out 
by Parker (13), who states: ‘* Probably 
it will be between 20 and 25 years be- 
fore the national storage demand from 
nuclear power equals the present de- 
mand at Hanford. This is greater than 
the length of time during which a sig- 
nificant radioactive waste disposal prob- 
lem has existed.’’ 

Waste disposal practices at Hanford 
have logically used to advantage the 
topographical and climatological fea- 
tures of the area. Through careful 
study of the hydrology, geology, mete- 
orology, and biology of the site and 
the movement of radioactive materials 
through and between the various media, 
it has been possible to release wastes 
to the Columbia River, to the atmos- 
phere, and to the ground with safety. 
The propriety of such releases has been 
confirmed by extensive radiation moni 
toring in the environs of the plant. 

Because an individual may receive 
exposure from radioactive materials 
that have originated at several different 
sites and have followed diverse path- 
ways, the basis of waste control has 
properly been placed at the point of 
exposure. The contributions from all 
plant facilities are thus combined in 
the exposure evaluation. Nevertheless, 


the goals of the over-all program must, 
in the end, be attained through opera- 
tional control of the release of wastes 
at each individual process facility. 
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OPERATION OF SEWAGE 
TREATMENT PLANTS 


Since the Se pte mber 1960 issuc of the Federation Jour 


nal, this section has contaimed OnE Or more chapters of 
Federation Manual Practice No. “Ope ration of Sew- 
age Treatment Plants.”’ With the introduction of these 
chapters on page 1000 of the Se ptember issue, you were m- 
vited to submit comments which might be used by the sub- 
committees a) pre paration for final publication as a Manual 
of Practice. 

Many have accepted this invitation and comments re 
the Federation office have been noted and are 
bemg held for the use of the subcommittee. If you have 


submitted such comments and they have not been acknowl 


d 


edged, ple ase accept this as acknowl dgme nt and our ea 
pression of appreciation for your time and trouble in mak 
ing them. If you have comments but have not submitted 
them, pl ase do SO dS sooll as you can. 

to 


ISSUE, 


conclude the 
your 


In 


Aine ri ad 


As present plans are publication ot 
Manual in the that 
final comments as soon as possible after receiving tt. 
this way, comments from those in North 
should the Federation office by July 15 and com 
He nts from most re ad rs outside North should 
reach the Federation office by August 15. All comments 
received by August 15 will be considered by the subcom 


June we urge you send 
made 
rede h 


Aime rica 


mittee. 


19. RECORDS AND REPORTS 


Regular records and reports of op- 


eration of treatment 
serve many useful purposes. They are 
helpful to those directly responsible 
for plant operations and to municipal 


sewage plants 


officials, consulting engineers, state reg- 


This is Chapter 19 of Operation of Sewage 
Treatment Plants, Manual of Practice ; 
Serialization of this manual began in the Sep 


tember 1960 issue. 


ulatory agencies, and others who have 
similar facilities and related problems. 

The operator should use these ree- 
ords as a guide in regulating, adjust- 
ing, and modifying the plant facilities 
and operation. They serve as a check 
on his visual observations, his sense of 
and 
confirming, 


sometimes 
denying, but 
more often refining the accuracy and 


smell, his judgment, 


sometimes 
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dependability of his conclusions. Of 
vreat importance also is the establish- 
ment of a reliable continuing record 
of proof of performance, justifying 
decisions, expenditures, and recommen- 
dations. 

Such records often are the only 
sound basis upon which administrative 
officials may negotiate with an existing 
or potential customer, plan corrective 
measures for deficiencies on the sewer 
system or plant, or justify budgetary 
changes for expanding needs. Records 
provide much useful and valuable in- 
formation for release to the customers 
served by the system and other groups 
and individuals in the community. 
Should a law suit be threatened, ree- 


Records which should be maintained 
at a sewage treatment plant may be 
separated into two main classifications : 
(a) records of a descriptive, planning, 
or inventory type related to the physi- 
eal plant, and (b) records of perform- 
ance. 


19.11 Physical Plant 


Records of this type which should be 
available for reference at the plant in- 
clude the following: 


1. Report of designing engineers, in- 
cluding basis of design, capacities of all 
plant units, population served, service 
area, and other usual information. 

2. Contract plans and specifications 
on entire plant. 

3. built’? plans and specifica- 
tions. 

4. Shop drawings and operating in- 
structions for all equipment. 

5. Costs of each major unit, equip- 
ment item, and landscaping. 

6. Detail plans of all piping and 
electrical wiring. 


19.1 TYPES OF RECORDS 
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ords and reports together with the op- 
erator’s testimony provide the admin- 
istration and legal counsel with factual 
information upon which a sound de- 
fense and adjustment may be estab- 
lished. 

Operation reports should be fur- 
nished regularly to the state regulatory 
agency responsible for control of pol- 
lution and protection of health. <A re- 
port sufficiently complete for the op- 
erator’s needs and those of the local 
administrative official allows the tech- 
nical staff of the state agency to de- 
termine the extent to which the objec- 
tives of sewage treatment have been 


met. 


7. Hydraulic profile showing operat- 
ing water elevations in all major plant 
units. 

8. Complete record on each piece of 
equipment including name of manu- 
facturer, identifying number, rated 
capacity, and dates of purchase and 
installation. A card record kept up to 
date as to condition, items repaired, 
and cost thereof is useful in determin- 
ing when the equipment may need re- 
pair or replacement. 

9. For each industry discharging 
wastes, a card record should be kept 
showing type of waste, volume, time 
and periods of discharge, chemical and 
physical characteristics of the waste, 
and control methods of the industry. 


19.12 Records of Operation 


At each plant data on operation to 
be collected, analyzed, and reported 
should be geared to the particular and 
peculiar needs and circumstances gov- 
erning operation. Never should ree- 
ords be made for the sake of records. 
The operator should justify each meas- 
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urement, observation, calculation, and 
report on the basis of expected useful- 
ness and value. At most plants limita- 
tions of personnel, money, and facilities 
restrict the amount of record-keeping 
that can be done before a part of the 
operating program is sacrificed. 

19.121 Daily Records:—Daily ree- 
ords usually are recorded in three 
forms. One, in the form of a continu- 
ing diary, may contain a wide variety 
of factual information on matters such 
as progress of construction or main- 
tenance work, failure of a piece of 
equipment, accidents to personnel, 
floods or unusual storms, bypassing of 
a plant unit, complaints registered, and 
visitors. This information obviously 
is valuable for later reference. 

Routine reports on personnel, pay- 
roll, small purchases, and related in- 
formation are usually required only in 
the larger plants. 

Daily bench sheets used in the eal- 
culations for laboratory determina- 
tions, measurement charts on flow, gas 
production, and consumption, power 
used, weather, temperature, rainfall, 
and other hydrological data, sewage 
temperatures, and other physical in- 
formation are examples of the sources 
and types of data which should be as- 
sembled at medium-sized and large 
plants on a daily basis. These data are 
entered each day on the monthly op- 
eration reports. 

19.122 Monthly Operation Reports: 

The monthly operation report should 
contain all of the significant physical 
measurements and laboratory results 
on plant performance. The report 
form should be neat and on good qual- 
ity paper, preferably with printed 
headings and lines. It should be stand- 
ard size, 815 by 11 in. sheets for con- 
venient handling and filing. 
illustrating format, arrangement of in- 


Samples 


formation, and basic types of data are 
shown in Figures 19-1 to 19-7. 

Laboratory determinations required 
for process control are discussed in the 
preceding chapters. 
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19.2 RELATING PHYSICAL MEASUREMENTS AND 
LABORATORY RESULTS TO OPERATION 


19.21 Value of Results 


The results of the various measure- 
ments and determinations should re- 
flect the operating condition of a plant. 
They should indicate specifically the 
load delivered to the plant, including 
the total organic load, its character- 
istics and treatability, and the rates at 
which the wastes arrive at the plant. 
These results should tell the operator 
what the plant as a whole and each 
part of it has accomplished in treating 
the waste and furnish him with needed 
information about the effect of the 
plant effluent on the receiving water- 
course, 

Varying results are often an indi- 
cator of impending difficulties in plant 
operation. Uniformly increasing loads 
indicate the rate at which sewage loads 
are approaching plant capacity. Sud- 
den variations in results may indicate 
such things as accidental discharges or 
damage to the sewer system. 


19.22 Normal Range of Results 


Interpretation of measurements and 
analytical results first the 
establishment and recognition of the 
normal range of values for the various 
items under consideration. 


19.221 Domestic Sewage: 
of primarily domestic origin contains 
organic material in amounts closely 
proportional to the size of the 
tributing population. In the U.S. the 
per capita contribution of BOD is 
about 0.17 Ib/day, and for suspended 
solids, close to 0.22 |b ‘day. 

things as industrial wastes, 
varbage, and living habits of 
change these values. 


requires 


Sewage 


con- 


But such 
eround 
people 
A large and sud- 
den increase or decrease in population 
such as oceurs in a small college town 
at the beginning or end of a school 
term results in a significant variation 
from normal loads. While the total 
weight of organie material which will 
be contributed by a given number of 


persons can be closely predicted, the 
concentration of these materials in the 
liquid-earried will depend on 
such factors as the type of sewer sys- 


waste 


tem (whether separate sanitary or com- 


bined storm-sanitary), living habits 
and economic status of the contributing 
population, and the water consumption, 
which often is greatly modified by the 


industrial complex of a community. 


19.222 Industrial Wastes: 


wastes originating in 


Liquid 
industries may 
contain domestic sewage and other or- 
ganic or inorganic wastes, either sepa- 
rately or in combination. A separate 
determination of normal values would 
have to be made for each industry, in- 
cluding a study of the operations car- 
ried on and the waste control measures 
in effeet. 


19.23 Departures from Normal 
Values 


Significant departures from normal 


ranges for any particular waste or 
treatment works should be investigated 
to determine the 


either 


cause and permit 
the responsible 
factors or adjustment of the treatment 
facilities. 


correction of 


It is important to determine 
whether these departures are irregular, 
permanent. The 
several 


eyclie, or following 
varia- 
tions in measurements and analytical 
results which might be experienced in 


is a short discussion of 


a sewage collection system and _ treat- 
ment works. 


19.231 Sewage Solids:—A decrease 
in the solids content of raw sewage as 
measured by the suspended solids test 
might be caused by sedimentation in 
the sewer system. 
might be 


vrades 


This sedimentation 
caused by sewers laid on 
insufficient to maintain self- 
cleansing velocities or by partial bloek- 
ages in the sewers which also would re 
duee velocities. 

the econeentration of 
sewage solids might be caused also by 


Variations in 


‘ 
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scouring of previously settled solids or 
variations in the quantity of water 
acting as a liquid carrier for the solids. 
lor example, material might settle in 
a combined sewer under the prevailing 
velocities in dry weather, thus reducing 
the solids content of sewage delivered 
to the treatment works during that pe- 
riod. Inereasing quantities of flow 
during storm runoff would result in 
higher velocities which then might re- 
suspend the previously settled solids, 
increasing the solids content of the 
sewage arriving at the treatment works. 
Other possible causes for solids varia- 
tions to be investigated are the sea- 
sonal operation of certain types of in- 
dustrial activity such as food packing 
and tanning. 

A decrease in the removal of sus- 
pended solids by a settling tank as 
measured by the suspended solids test 
of influent and effluent, could) result 
from a change in the amount or ehar- 
acter of the waste being treated. Sew- 
age with a high coneentration of solids 
normally permits a higher percentage 
reduction in solids by sedimentation 
than dilute sewage, so a change in solids 
concentration of the waste to be treated 
might well be refleeted in a change of 
treatment efficiency. 

Unless settled solids are removed 
thoroughly and frequently from the 
bottom 


f a settling tank, septie eon- 
ditions may be established. This di- 
gestion within the tank might produce 
sufficient gas to float some of the solid 
particles to the surface where they 
would be discharged with the tank ef- 
fluent, thus reducing the efficiency of 
the unit. 


19.232 Biochemical Oxygen Demand: 

The oxygen demand of sewage as 
measured by the standard 5-day BOD 
test is one of the best indicators of the 
character of sewage. An extreme in- 
crease in BOD concentration could be 
caused by septicity occurring in the 
sewers or treatment plant, or by the 
discharge of organic industrial wastes 
such as sugar, and food or meat pack- 
ing wastes. 
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It is important to recognize the rela- 
tionship between the concentration of 
BOD and suspended solids in any sew- 
age. If a high BOD is the result of 
dissolved organie material such as 
sugars, it cannot be removed with the 
suspended solids as they settled out in 
the sedimentation units. This type of 
waste would require secondary treat- 
ment for stabilization of the oxygen 
demand. Thus a study of the BOD- 
suspended solids results, both in the 
raw sewage and the effluent from the 
treatment units, becomes important to 
an interpretation of analytical results. 
Such information is of further value 
when determining the type and amount 
of treatment required for a_ specific 
sewage. BOD which is removed with 
the settling suspended solids will exert 
a greater demand on the stream’s oxy- 
ren resources in those areas traversed 
by the solids and in which the solids 
settle; conversely, BOD associated with 
dissolved solids may well exert its oxy- 
ven demand over a much greater por- 
tion of the stream since the demand 
would remain longer in the stream 
flow and would not be localized by 
sedimentation. 

An abrupt drop in the normal BOD 
of a sewage might be traced in some 
cases to a discharge of toxic materials 
such as metal plating wastes which 
would so inhibit biological activity in 
the test procedure as to give a false, 
low BOD result. 


19.233 pH:—Departures from a nor- 
mal of most concern in a sewage treat- 
ment works are those where the pH is 
lowered or remains in the acid range. 
Septic sewage, for example, or sludge 
in early stages of digestion will have a 
pH below 7.0. It should be noted that 
a low pH is an indication of such acid 
conditions rather than the cause. Ref- 
erence to an act to ‘‘correct or adjust 
pI” is actually a reference to correc- 
tion of a condition which has resulted 
in the pII variation. Correction of an 
acid condition in sludge or sewage 
usually is best accomplished by elimi- 
nation of the cause rather than by 


8, 
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chemical adjustment. For example, 
excessive amounts of acid industrial 
wastes are usually more effectively 


dealt with at the source than at the 
treatment works. In addition, corree- 
tion of such discharges at the source 
protects the sewerage structures. 


19.234 Temperature:—A sudden drop 
in sewage temperature should prompt 
the operator to investigate such pos- 
sible causes as infiltration of ground 
or surface water. Such a drop might 
follow a rise in air temperature caus- 
ing a major thaw of ice and snow. A 
significant change in sewage tempera- 
ture would be accompanied by a change 
of viscosity of the sewage, hence the 
settling could be ex- 
pected to show some variation. 


19.235 Sewage Volumes—Rates of 
Flow :—Abrupt increases in total vol- 
umes of sewage should be studied in 


characteristies 


the light of any corresponding changes 
For 
instance, an increase in volume caused 


in the composition of the waste. 


by a break in a siphon under a river, 
freely admitting river water to the 
sewer system, would be accompanied by 
a decrease in sewage strength as meas- 
ured by the BOD and 
Spasmodie increases in rates of flow 


solids tests. 
accompanied by a temperature rise and 
could be 
the result of discharges from laundries 


possibly soap or detergents 
or cooling waters from a factory or 
power plant. 
Decreases in 
tO an 


flow rates should lead 
investigation of such 
failure of 
overflow regulators on combined sewer 


possible 


causes as sewer stoppages, 


systems, pipe rupture, or pump failure. 


19.236 Low Gas Production:—The 
rate of digester gas production will 
vary from plant to plant depending 


upon such variables as digester tem- 
perature, mixing efficiency, presence of 
toxie materials, excess acidity, and 


character of the digesting sludge. An 
abrupt drop in the normal rate of gas 
production might be caused by exces- 
toxic materials such 


sive amounts of 
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as metal plating wastes, or certain 
pharmaceuticals. 

Then too, a measured drop in gas 
production might not be due to a drop 
in biological activity, but merely the 
result of an inefficient meter or a 
leak ahead of the meter. 
could falsely indicate less 
duced, although the destruction of 
volatiles might not be changed. Over- 
loading a digester, inefficient mixing of 
raw and digesting sludge, and failure 
to maintain proper digestion tempera- 


gas 
A gas leak 


gas pro- 


tures are other possible causes to be 
investigated when a drop in gas pro- 
duction is noticed. 

A drop in the pH of digesting sludge 
might be attributed to a decrease in 
digestion activity due to lower tem- 
peratures, excessive acid, 
scum, an overload of raw sludge, or 
the admission of acids or other toxic 
materials into the units. 


excessive 


19.237 Chlorine Requirements and 
Residuals :— An chlorine 
requirements of a plant effluent often 
accompanies an 


increase in 
increase in organic 
content resulting from decreased treat- 
ment efficiency. 

primary 


Septicity of raw sew- 
plant effluent 
chlorine demands. 
wastes such as ey- 


age or also 
increased 
industrial 
anides have a strong chemical demand 
for chlorine. 
increases in chlorine requirements 
should be sought out and corrected, 
particularly in cases where high-order 
bacteriological control is important. In 
addition to making such control more 
difficult, the increase in chlorine dos- 


age is costly. 


19.238 Effect on Receiving Stream: 


It is important to view departures 


efauses 


Certain 


The cause of significant 


from the norm as to their possible ef- 
fect the receiving 
For instance, decreased efficiency of 
sedimentation 


ganic 


upon watercourse. 
and an increase in or- 
material in the plant effluent 
usually are not as critical for a stream 
in winter as they are in the hot dry 
months when the stream flow is lower 
and its oxygen content is reduced. 
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Employee hazards in sewage plants 
include exposure to: 


1. Physical injuries, 
sody infections, 
Oxygen deficiency, 


OS bo 


Noxious gases or vapors, and in 
Some Cases, 


5. lonizing radiations. 


These occupational hazards are 
largely avoided by the execution of 


20.11 Lift Objects Safely 


Teach employees to lift objects with 
the aid of the leg muscles instead of 
the back. This will reduce ruptures 
and back injuries. Use hoists or power 
trucks to lift heavy objects and avoid 
hurrying. See that adequate help 
under proper supervision is available. 
The handling of objects constitutes the 
major source of compensation injuries. 


20.12 Prevent Falls 


Be cautious when using vertical lad- 
ders or steep, narrow stairs. Install a 
hoop cage around vertical ladders more 
than 10 ft high. Employ good house- 
Keep and portable 
equipment in designated places. Main- 
tain walks, treads, and ladder 
rungs free of grease, oil, or ice. Re- 
move debris from working areas. Keep 
manhole 
guards. 
ing 


keeping. tools 


stair 


eovers in place or provide 
Erect judiciously placed warn- 
signs at danger Install 
fencing or guard rails around settling 
tanks or at other locations where op- 
erators might fall. 


spots. 


Falls are the sec- 


This is Chapter 20 of Operation of Sewage 
Treatment Plants, Manual of Practice No. 11. 
Serialization began in the September 1960 
issue, 
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safe practices and the use of safety 
equipment. The dangers are many; 
this is supported by the man-hour ac- 
cident records of insurance companies. 

It is the responsibility of sewage 
plant supervisors to acquaint them- 
selves with the hazards associated with 
plant maintenance and operation, and 
to take steps to eliminate them. Acci- 


dents do not happen—they are caused! 
By thinking ‘‘safety,’’ it soon becomes 
a state of mind. 


ond largest source of compensation in- 
juries. 


20.13 Avoid Body Injuries 


Remove manhole covers preferably 
with a hook lifter rather than a pick. 
Unless the cover is very heavy, it is 
safer to have one man pull the cover 
free of the manhole shaft. Never leave 
a cover partially over a manhole shaft. 
Instruct employees to wear work gloves 
when handling large objects. Provide 
metal guards for all moving parts of 
machinery. Use ample natural or arti- 
ficial lighting in work areas. The em- 
ployment of light-colored paints for in- 
terior rooms is suggested. 


20.14 Avoid Electrical Shocks or 
Injuries 


Place rubber mats in front of switch- 
boards. Open the main control switch 
and tag it when working on a motor or 
other electrical equipment. See that all 
electrical equipment is well grounded 
and all exposed wire taped. 


20.15 Protect Plant Against Fire 


Equip the plant with an adequate 
number of fire extinguishers. In ad- 
dition to carbon dioxide extinguishers 


—- 


540 


for electrical fires, provide one or more 
of the soda ash and acid type. 
fire and emergency first-aid drills at 
large plants. 


Stage 


20.16 General Preventive Meas- 
ures 

Instruct all operators to use a safety 

belt in manhole shafts, tanks, or other 
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structures deeper than 8 to 10 ft. Two 
men should stand by to remove the 
operator, if See that all 
chief operators and foremen have first- 
aid training. Post prominently the 
phone numbers of several physicians, 


necessa ry 


the nearest hospital, the nearest fire 


station, one or more ambulance sery- 


ices, and the police station. 


20.2 PREVENTION OF BODY INFECTIONS 


20.21 Nature of Body Infections 


Sewage and its by-products are po- 
tential hazards to treatment plant em- 
ployees. These potential hazards in- 
clude the water-borne diseases such as 
typhoid fever, paratyphoid fever, dys- 
entery; and infectious jaundice, and 
the danger from tetanus. 

The following preventive measures 


are suggested : 


20.211 Safe Drinking Water: 


vide safe water for drinking. 


Pro- 
Avoid 
all physical cross-connections between 
the drinking-water supply and piping 
or facilities containing sewage, sludge, 
or other filth. Cross-connections of 
even a temporary nature should not be 
allowed (and are usually prohibited by 
state or local regulations). 


20.212 First Aid: 
aid kit for immediate 
minor cuts and wounds. 


Provide a_ first- 
treatment of 


Except for 


minor nature, wounds 
should be treated promptly by a doctor. 


20.213 Safety Facilities: —VProvide 


shower stalls, a 


injuries of a 


room for a 
and a lunch room 


dressing 
change of clothing, 
Facilities for making 
coffee and a refrigerator for cold drinks 


at larger plants. 


and perishable foods are often more 
than refinements—they pay off in em- 


ployee morale and health. 


20.214 Immunizations :—Periodically 
provide typhoid and tetanus inocula- 
tions for all employees. 


20.215 Personal Precautions :—Keep 
your hands below your collar while at 
work. Do not when handling 
Wear 


ber gloves when cleaning sludge pumps 


smoke 
contaminated equipment. rub- 
or performing other plant duties re- 
quiring intimate contact with sewage, 
Wash 


hands with hot water and soap before 


sludge, screenings, and the like. 


eating or smoking 


20.3 PREVENTION OF OXYGEN DEFICIENCY 


Normal air contains 
cent (by volume 
cent 


about 21 per 
oxygen and 79 per 
nitrogen. Any atmosphere con- 
taining less than 13 per cent oxygen is 
and is 
called an oxygen deficient atmosphere. 


dangerous to human beines 


20.31 Defi- 


Causes of Oxygen 
ciency 


Oxygen deficiency may occur in any 
confined space, such as a manhole or 
tank, by displacement of the air with 


other whether this gas is 


toxie or 


some vas, 


not. Oxygen deficiency may 
also result from the decomposition of 
organic such as is 


matter present in 


sludge. Absorption or chemieal con- 
sumption of the available oxygen oe- 
curs in such cases. Basieally, oxygen 
deficiency is the result of poor ventila- 
tion. 

Oxygen deficiency in treatment plants 
occurs primarily in manholes, in any 
tightly covered pit or tank regardless 
of depth, in poorly ventilated rooms 
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or pits (especially basements) where 
digested sludge spillage has occurred, 
in partially emptied digesters, or in 
structures containing sludge gas piping 
or appurtenances that may be leaking. 


20.32 Detecting Oxygen Defi- 
ciency 


Use an oxygen-deficieney indicator 
equipped with an aspirator, sampling 
hose, and intake tube to measure oxy- 
gen level. Flame safety lamps, used 
by miners, should not be employed. 
The flame of an oxygen-deficieney indi- 
cator will usually be extinguished by 
an atmosphere containing less than 16 
per cent of oxygen, and always by one 
below 13 per cent; it is, therefore, 
a safe indicator. If a combustible gas 
is also present, the flame height will 
increase and may dim, or the flame 
will flare up and then be extinguished. 
In such cases, check at onee for com- 
bustible gases with a combustible-gas 
indicator. Oxygen deficiency indica- 
tors are described fully in the Federa- 
tion’s Manual of Practice No. 1, Safety 
in Wastewater Works. 


20.33 Avoiding or Correcting an 
Oxygen-Deficient Atmos- 
phere 


Provide ample ventilation and_re- 
move souree of diluent gases, if pres- 


A noxious gas or vapor is one di- 
rectly or indirectly injurious or de- 
structive to the health or life of human 
beings. It may present a hazard by 
causing burns, explosions, asphyxia- 
tion, or poisoning. Asphyxiation from 
gases may oecur by chemical reaction, 
as in the case of carbon monoxide which 
combines with the hemoglobin of the 
blood causing oxygen starvation, or it 
may occur by mechanically excluding 
oxygen, causing oxygen deficiency. 

Table 20-1 gives data on the common 
dangerous gases encountered in the 


20.4 PREVENTION OF NOXIOUS GASES OR VAPORS 
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ent. In rooms or structures, ventila- 
tion may be secured with: 


1. Open windows or door louvres. 

2. Fresh-air intakes near ceiling and 
mechanical exhaust duets near the 
floor. 

3. Fans. 


In tanks, pits, and manholes, ventila- 
tion may be secured with: 


1. Compressed air. The air pipe 
should extend to near the bottom of 
the structure. 

2. A portable air blower. The dis- 
charge hose should extend well into the 
structure. The electric motor or gas 
engine furnished with the blower 
should be explosion-proof; otherwise 
the blower should be placed on the lee- 
ward side of the opening and at least 
6 ft away. All other available open- 
ings in tanks and structures being 
ventilated should be uncovered to aid 
circulation. 

The diluent gas which is most likely 
to contribute to oxygen deficiency in 
sewage plants is sludge gas. Carbon 
dioxide or nitrogen gas might serve as 
diluting agents in earth-bottom pits. 
Sludge gas accumulations must be 
avoided by preventing digested sludge 
spillage or gas leakage. Earth-bottom 
pits may be concreted. 


sewage works field. Operators of sew- 
age plants should be thoroughly fa- 
miliar with the characteristics, sources, 
and means of testing for the gases in 
this table. 


20.41 Explosion of Flammable 
Gases 


Four conditions must exist before a 
gas explosion can take place : 


1. Presence of a flammable gas, 
2. Presence of air (oxygen), 
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A mixture of the gas and oxygen 
in the proper proportions, and 

A source of ignition (open lights, 
sparks, hot filaments 


Every flammable gas or mixture of 
such gases has a lower and upper ex- 
plosive limit based on the percentage 
by volume of the gases with air. Only 
between these limits will flame propa- 
vate. The leanest mixture with air 
that will explode is called the lower 
explosive limit. The richest mixture 
with air that will explode is called the 
upper explosive limit. 
range lies between these limits. 


The explosive 
Table 
20-1 gives these limits for commonly 
encountered gases. 


20.42 Sources of Toxic Gases 


and Vapors 


1. Any manhole or tightly covered 
pit or tank. No tightly covered strue- 
ture is safe until tests prove it so. 

2 detriting, 


2. Screening, and 
minuting facilities in enclosed areas. 


coln- 


Gases or vapors which may be dis- 
charged through the open inlet sewer 
will accumulate in such areas. 

3. Digested sludge pump rooms or 
pits, especially those in confined areas 
below The 
sludge is allowed to accumulate on the 
floor through leakage or an open valve 
on the pumps. 

4. Digested 
open at the top, located in enclosures. 

5. Sludge Filled 


digesters present no explosion hazard. 


erade. hazard exists if 


storage tanks, 


sludge 


digestion tanks. 
Fires may occur, however, at any point 
of gas leakage, such as from a leaking 
peteock or a pressure-vacuum relief as- 
Partially 
dewatered digesters containing digested 
sludge 
hazard. contain air 
and methane. If the air and methane 
become mixed in the right proportions 
and there 
explosion will result. 

6. Sludge gas piping and appurte- 
nances in confined Appurte- 


sembly on the digester roof. 


present a_ serious 


Such 


explosion 


digesters 


is a source of ignition, an 


areas 
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nances include manometers, condensate 
traps, pressure regulators, flame traps, 
vas COMpressors, fas storage tanks, and 
gas boilers. The danger is from gas 
leakage. 


7. Chlorine storage rooms. 


20.43 Avoiding the Dangers from 
Noxious Gases or Va- 
pors 


1. In 
tanks* : 


deep manholes, pits, and 


(a) Test for flammable or explosive 

with a 
combustible gas indicator. 

(b) Test for hydrogen sulfide gas 
with hydrogen sulfide ampoules. 


gases or vapors portable 


(c) Test for carbon monoxide gas, if 
illuminating 
sible, with 
poules. 

(d) Test for oxygen deficiency with 


gas leakage is pos- 


carbon monoxide am- 


an oxygen deficiency indicator. 
(¢ ) Observe any foreign odor or ir- 
ritation to the eyes. 


The equipment for making these tests 
is fully described in the Federation's 
Manual of Practice No. 1, Safety in 
Wastewater Works, except for the hy 
These 


poules, now commercially available, are 


drogen sulfide ampoules. am- 


used in similar fashion to carbon mon 
Manual 
however, is 


oxide ampoules, described in 
No. 1. 


only for one minute and the color of 


Exposure time, 


the ampoule is immediately compared 

with the safety eolor chart provided. 
2. detriting, and eom- 

minuting facilities in enclosed areas: 


In sereening, 


(a) Use electrical 
equipment, ban smoking or open 
lights. 


(b) Provide 


explosion-proof 


ample ventilation by 


natural air draft or mechanieal 


means or both. 
* Not every structure 


in this class at treat 


ment plants requires these tests. The strue 
ture’s location, construetion, and purpose are 


guides to the need for testing. 
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3. In digested sludge pump rooms: 


(a) Avoid sludge spillage. 

(b) Provide ample ventilation. In 
basements, use positive means for 
forced ventilation. 


4. For digested sludge storage tanks, 


open at the top, and located in en- 


closures: 


and 2 (b). 

b) Check atmosphere periodically 
with a indicator 
for presence of flammable gas or 


(a) See Items 2 (a 


combustible gas 
use an automatic combustible gas 
alarm. 


5. Before entering empty or nearly 
empty sludge digestion tanks: 


a) Test for flammable gas, hydro- 
gen sulfide, and oxygen deficiency. 
b) Introduce compressed air or air 
from a portable air blower through 
a manhole with all other manholes 
continue ventilation while 
working inside the tank. 


open ; 


6. For filled 
in operation : 


sludge digestion tanks 


(a) Avoid all sources of ignition in 
the vicinity of such tanks. 

(b) Prevent continuous operation of 
the relief as- 
sembly by adjusting the waste-gas 
burner pressure relief to take all 
unused through the waste 
burner. 

(c) Keep digesters full at all times. 

(d) Always have one terminus of 


root 


vas-pressure 


vas 


digested sludge withdrawal pipes 
valved open to prevent the build- 
ing up of excessive gas pressures. 


7. In confined areas containing 
sludge gas piping and appurtenances: 


(a) Cheek all piping and appurte- 
nanees for gas leakage at regular 
intervals with a portable com- 


bustible gas indicator. 
(b) Maintain a positive gas pressure 
in all lines. 


OPERATIONS MANUAL 


(c) Use only approved types of ma- 
nometers, condensate traps, pres- 
sure regulators, and flame traps. 
The use of unvalved, open-end U- 
tubes as manometers or condensate 
traps in enclosed structures is a 
hazard of the first magnitude. 
They should never be used. Avoid 
float-operated drip traps unless 
the condensate is tightly piped to 
the outside. All atmospheric re- 
liefs for pressure regulators should 
be piped to the outside. 
all of these appurtenances regu- 


Service 


larly. 
(d) Avoid water-seal gas compres- 
sors inside structures. Many of 


these develop serious gas leaks. 


Totally enclosed, dry-type com- 
pressors are recommended. 
(ce) Purge and refill gas storage 


tanks in accordance with instrue- 
tions in the Federation’s Manual 
of Practice No. 1. 

(f) Check gas boiler safety devices 
regularly, especially the pilot or 
ignition safety cutoff. 


8. In chlorine storage rooms: 


(a) Remember the basic facts about 
chlorine: it is extremely irritating 
when inhaled; its choking odor is 
detectable in very low concentra- 
tions; it will not burn or explode; 
it is heavier than air. 

(b) Have two chlorine canister gas 
masks available outside the stor- 
age room. For serious leaks, use 
a hose mask or compressed-air de- 
mand-type mask. 

(ec) Obtain and study the ‘‘ Chlorine 
Manual’’ available free from the 
Chlorine Institute, Ine., 50 East 
41st Street, New York 17, New 
York. 


20.44 Respiratory Protective Ap- 
paratus 


The hose mask or compressed-air de- 
mand-type mask is recommended for 
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respiratory protection in manholes and 20.45 Artificial Respiration 

other enclosed structures, when re- 

quired. A full discussion of respira- The Federation’s Manual of Prac- 
tory protection will be found in the — tice No. 1 gives resuscitation (artificial 
Federation’s Manual of Practice No. 1. respiration) procedures in detail. 


20.5 PREVENTION OF IONIZING RADIATIONS 


Where radioactive isotopes are in ex- dled at a sewage plant might become 
tensive use by industries, research in- radioactive. Portable radiation detee- 
stitutions, or hospitals, the possibility 
of careless or accidental discharge of 
these materials must be considered. A 
hazard from ionizing radiations might 
occur in a localized area such as a sew- ing organizations commonly offer in- 


tion meters are not difficult to acquire, 
but some training in their use is re- 


quired. Civil defense and other train- 


age wet well, or the sludge being han- struction on these matters 


MEETINGS OF INTEREST 


Water Pollution in the Great Lakes Area, De Paul Univer- 
sity, Chicago, Ill. The Rev. John R. Cortelyou, Dept. of 
Biological Sciences, De Paul University. 

10th Pacific Industrial Waste Conference, Washington State 
University, Pullman, Wash. William H. Knight, Washing 
ton State Institute of Technology, Washington State Uni- 
versity, Pullman, Wash. 


May 29—June 3 International Water Supply Association, Fifth Congress, 
Congress Hall, West Berlin, Germany. International Water 
Supply Association, 34 Park St., London W. 1, England. 

June 4 American Water Works Association, (obo Hall, Detroit, 
Mich. Raymond J. Faust, AWWA, 2 Park Ave., New York 
16. 

June 5 7th Sewage Works School for Operators, Washington State 
University, Pullman, Wash. William H. Knight (see ad 
dress above 

June Second National Congress on Environmental Health, Uni 
versity of Michigan School of Publie Health. 

June Manufacturing Chemists’ Association, Greenbrier, White 
Sulphur Springs, W. Va. 

June 11-14 Air Pollution Control Association, Commodore Hotel, New 
York, N. Y. 

June 19-21 Rudolfs Research Conference, Department of Sanitation, 
Rutgers University, New Brunswick, N. J. Dr. H. Heuke 
lekian, Chairman, Dept. of Sanitation, Rutgers University. 

June 25-26 American Society for Testing Materials, (‘halfonte-Haddon 
Hall, Atlantic City, N. J. 


July 4-7 National Society of Professional Engineers, Olympic Hotel, 
Seattle, Wash. Kenneth E. Trombley, NSPE, 2029 K St., 
N. W., Washington 6, D. C. 
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TIPS AND QUIPS 


You Are a Tycoon 


On a tonnage basis, waste treatment 
is, by far, the biggest business in the 
United States. 


M. D. Houtts 


Manufacturing Chemists’ Association 
and Pollution Control 


Industry in general and the chemical 
industry in particular are aware of and 
are taking action to solve serious prob- 
lems arising from the complex society 
in the area of environmental health, 
according to John E. Hull, 
President of the Manufacturing Chem- 
Association. 


General 


IStS 

In an address before the 53rd An- 
nual Meeting of the American Institute 
of Chemical Engineers, General Hull 
emphasized the intense degree of re- 
sponsibility of the chemical industry 
in air and water pollution abatement, 
industrial medicine and safety, hazard- 
ous-substances labeling, and assuring 
the nation of an adequate and safe 
food supply. 

In citing just one area, that of water 
pollution abatement, Hull 
pointed to a now 
being arrived at by experts working in 


General 
of principles’’ 


the MCA Water Pollution Abatement 
Committee. 
Among them, he said, were: 


1. Proper control of stream pollu- 
tion is one of the obligations of re- 
sponsible corporate citizenship. 

2. Avoiding harmful pollution is a 
As with other 
business, qualified people 
clearly defined responsibilities 


necessary business cost. 
aspects of 


with 


must be assigned to bring and keep 
pollution under control. 

3. The chemical industry recognizes 
the community nature of water pollu- 


54 


tion control and desires to cooperate 
fully with the control agencies that are 
responsible for safeguarding the health 
and welfare of the people. 

4. The solution of stream pollution 
problems of the individual companies 
is not a determining factor in competi- 
tive production and, therefore, the 
knowledge pertaining to solution of 
these problems should be freely shared. 


Throughout the chemical industry. 
General Hull stated, there is carried 
out ‘‘a positive program for the specific 
purpose of recognizing hazards to 
health and safety.’’ This program in- 
volves the planned study of harmful 
properties and the appropriate con- 
sideration of these properties in the 
development and in the manufacture 
of new products and new uses. 

Despite all these advances, the MCA 
President stated, ‘‘unfortunately there 
are matters about which we are far less 
confident, a current and outstanding 
example being the testing for careino- 
genie properties. The total effort ex- 
pended in this testing is substantial 
and quite expensive. As time goes on 
we can expect improvement in methods 
and understanding, but we will always 
have technical questions.”’ 

The head of the national chemical 
organization stressed the fact that 
rather than being individual problems 
for individual segments of our society, 
‘fall problems in this field, as in most 
others, become problems of (the en- 
tire) society.”’ 

An example, General Hull said, can 
be found in the area of certain syn- 
thetie detergents. ‘‘These are products 
which the housewife would not wish to 
give up. However, they have had a 
technological impact on the sewage 
problems in many areas and on the 
water supply of many communities. 


| 
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As problems have become apparent, 
hundreds of thousands of dollars of 
research work has been accomplished 
by industry. If and when it is de- 
cided that these otherwise beneficial 
products are creating too great a haz- 
ard in the streams, then certainly so- 
ciety—of which we all are a part 
feel the 
poorer or 


may 
consequences in terms of a 
different performance by 
some other product, possibly at an in- 
creased cost. 

Another expressing this 
point is that more and more solutions 
to the problems of environmental health 
will be found at the level of society. 
This is where I think the answer lies,’’ 
General Hull said. 


way of 


Fish-Kills 
Public Health 


announced first re- 
ports from 31 states indicate that agri- 
cultural and = industrial 
wastes caused 70 per cent of the 185 
pollution-caused fish-kills along more 
than 600 miles of and 5,000 
acres of nation-wide 
from 


The 


Service 


United States 
recently 


pesticides 


streams 
lakes during a 
federal-state cooperative study 
June to October 1960. 

The continuing national collection 
of reports of fish-kills began several 
months ago between the Public Health 
Service and the states to get some indi- 
cation of their prevalence and causes 
on a nationwide basis. 

This first study of stream fish-kills 
showed that agricultural poisons 
counted for the largest number, or 
out of the total 185 state reports. In- 
dustrial wastes were listed as the cause 
in 57, domestic sewage was listed 15 
times (or eight per cent), while other 
causes—pipeline breaks, shipping pol- 
lution, ete.—numbered fish-kills, 
and unknown causes, 28. In some in- 
stanees, one or more causes were listed. 

Approximately half of the reports 
received by the Service gave estimates 
of total fish-kills, ranging, with one ex- 
ception, from 100 to 182,000 and aver- 
aging 6,100 fish per kill by pollution. 


ac- 
io 
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One large unrepresentative single pol- 
lution kill of 5 million fish (mostly 
trash and forage types) was caused by 
industrial wastes in the Kanawha River 
during two days in August over a dis- 
tance of 19 miles. 

The Public Health Service reported 
that quarterly summaries of raw data 
without technical interpretation are 
being provided state cooperators, the 
United States Fish and Wildlife Serv- 
ice, and other organizations and indi- 
viduals upon request. 


Pollution Causes Suits for 
Damages * 


The little town of Phippsburg near 
the mouth of the Kennebee River in 
Maine has been authorized in a special 
town take legal 
against communities, 


meeting to action 
upriver indus- 
tries, and individuals contributing pol- 
lution to the Kennebee and Androscog- 
gin Rivers. 

Authorization to institute suits total- 
ing $40 million for damages was recom- 
mended by the Selectmen. The Maine 
Water Improvement Commission and 
the Sea and Shore Fisheries Depart- 
ment recently disclosed that discharges 
of industrial 
closed clam flats estimated to be worth 
hundreds of thousands of dollars an- 
nually to the town and its residents, 
and threaten the closing of Popham 
The 
town claims that the pollution has also 
depressed real estate values and pro- 
moted harmful publicity. 


wastes and sewage have 


Beach for reereational activities. 


What’s in a Name? 


In the District 
may not use the name 
its title unless it hires professional en- 
gineers who are registered in the Dis- 
trict of Columbia, the Municipal Court 
of Appeals ruled. In this particular 
ease a television repair shop was fined. 


firm 
‘engineers’’ in 


of Columbia a 


‘ 


* From the Newsletter of the New England 
Interstate Water Pollution Control 
sion, Vol. 11, No. 3 (1960). 
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Varec’s economical gauge board indicator 
accurately gauges the movement of floating 
cover digesters with a simple working mech- 
anism...displays readings on a 12-foot, 
easy-to-read anodized aluminum gauge 
board installed directly outside the digester. 
The calibrated gauge board shows measure- 
ments in feet and inches... has a 10-foot 
range with an extra 2 feet of pointer meas- 
urement for greater cover or overflow travel. 
It provides ‘quick-at-a-glance’ reading with 
a bright red pointer that contrasts sharply 
against the white aluminum board and large, 
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© Electrical high 
switch —in explosion 
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E, ACCURATE METHOD FOR. 


black numerals. All parts are ruggedly con- 
structed and the working mechanism is 
enclosed in a protective housing. 


VAREC OFFERS POSITION INDICATORS 
FOR ALL DIGESTER COVER NEEDS... 


Other Varec cover position indicators 
include a dial type indicator that registers 
indication within a 10-foot range on a large, 
easily read dial and can be equipped with 
alarm switches. And, for remote control 
reading, Varec provides a highly-accurate 
gauge head indicator that delivers gauging 
accuracy to '% inch... adapts for use with 
electrical or pneumatic remote reading or 
control equipment. 


For complete information on all Vareec digester 
cover position indicators, write for Varec Cata- 
log No. S-4, Dept. JW P-1221-6 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street * Compton, California 
Branches and Representatives in Principal Cities 


VAREG | 
Ad 
INDICATING DIGESTER COVER POSITION | 
| cable that runs from 
oft Cover connection to counter- 
proof 
: TRADE @ MARK 


WATER POLLUTION CONTROL PRODUCT GUIDE 


bers and advertisers. 
year are included. 
this issue. 

of JOURNAL. 


This list of products and services is offered as an information aid. 
list was derived by solicitation from those firms listed. 
make every effort to keep this list current with the help of Associate Mem 

All Associate Members and all advertisers for the past 
Many of the services and products are advertised in 
For an alphabetical listing see Index to Advertisers in back 


The 


The JOURNAL will 


Aerators (also see Diffusers, Air) 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co 

Infilco Inc 

Link-Belt Co 

Pacific Flush Tank Co 

Penberthy Mfg. Co., Div 
Eclipse Corp 

Permutit Co., 
mutit Inc. 

Smith & Loveless 

Walker Process Equipment Inc. 

Wemco Div., Western Machinery 

Yeomans Brothers Co. 

Zimmer & Francescon 


of Buffalo- 


Div. 


Co 


Agitators 

Link-Belt Co. 

Air Cleaning Equipment 
Westinghouse Electric Corp 

(also see Blow- 
and Fans) 


Air Compressors 
ers, Compressors, 

Chicago Pump Co 

Fairbanks, Morse & Co 

Komline-Sanderson Engr. C 

Worthington Corp. 

Yeomans Brothers Co 


Air Diffusers (see Diffusers, Air) 


Asbestos Cement Pipe Products 
Filtration Equipment Corp 
Industrial Materials Co 
Johns-Manville Sales Corp 

Keasbey & Mattison Co 


Ash Handling Equipment 
Link-Belt Co. 


orp 


Bearings 
Link-Belt Co. 


Bins, 


Biologists (see Professional Services, 
elsewhere in this issue) 


Storage (see Tanks) 


Blowers (also see Air C 
Compressors, and Fans) 

Chicago Pump Co 

Roots-Connersville Blower, 
Dresser Industries Inc 

Sutorbilt Corp 

Yeomans Brothers Co. 

Zimmer & Francescon 


ompressors, 


Div. of 


Boilers 


Combustion Engineering, Inc 


Building Maintenance 
ment and Supplies 
Homestead Valve Mig. Co. 


Equip- 


Cast Iron Pipe Products 
American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 


of Pfaudler Per- 


Indus Materials Co 
U. S. Pipe & Foundry Co 
R. D We 1d Co 


Cement (see Concrete) 
Centrifuging Equipment 
Bird Machine Co 


Permutit Co., Div 
mutit 


of Pfaudler Per- 


Chains 
Chain Belt Co 
Link-Belt C 
Webster Mfg., 


Chemical Feed Equipment 

Builders-Providence Div., B-I-F 
austries 

Eimco Corp 

Fischer & Porter Co 

Graver Water Conditioning Co 

Infilc In 

Jeffrey Mig. Co 

Komline-Sanderson Engr. Corp 

Link-Belt Co 

Omega Div., B-I-F Industries 

Perm utit ee Div. of Pfaudler Per- 

In 


Pro ypc rtioneers Div., B-I-F Industries 
Wallace & Tiernan Inc. 


Inc 


Chemicals 

Dow Chemical Co 

Fisher Scientific Co 

General Chemical Div., 
ical Corp 

Glenn Chemical Co. 

Hach Co 


Tennessee Corp 


Allied Chem- 


Professional Services, 
this issue) 


Cc ( see 
sewhere in 


Chlorination Equipment 

Builders-Providence Div., B-I-F In- 
dustries 

Everson Mfg. Corp 

Fischer & Porter Co 

Graver Water Conditioning Co. 

Wallace & Tiernan Inc 

Zimmer & Francescon 


Clarifier Equipment (also 
Sedimentation Equipment) 
Alpha Ltd. (Switzerland) 
merican Well Works 
Ral ph B. Carter Co 
hain Belt Co 
h Pump Co. 


see 


( 

Chicag 

Do rr Inc 
Ei 


Cc 
Gra ver Wa aed Conditioning Co. 
Co., Inc 


line- ins Engr. Corp 
L ide Corp. 
Link-Belt 
Permutit 
mutit Co. 


Div. of Pfaudler Per- 
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Walker Precess Equipment Inc. 
Yeomans Brothers Co 
Zimmer & Francescon 


Clay Pipe Products 
Industrial Materials Co 
National Clay Pipe Mfrs 
National 


Robinson Clay 


Inc 
Pipe Ltd. (Canada) 
Product 


Coatings and Linings (Pipe and 
Tank) 

Amercoat Corp 

Centriline Corp 

Corrosion Control Co., Inc 

Inertol Co., Inc 

Koppers ( Inc 

National Water Main Cleaning Co 

Perry-Austen Mfg. Co 

Stebbins Engr. & Mfg. Co 

Comminutors (also 
and Grinders) 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Cx 

Dorr-Oli iver Inc 

Gri uend ler Crusher & Pulverizer Co 


see Shredders 


Walker Process Equipment Inc 
Worthington Corp 


Compressors 


Fairban 
Komline-Sanders 
Roots-Connersville 
Dresser Industries 
Worthington Corp 
Yeomans Brothers Co 


J Corp 
Blower, Div. of 
Inc 


Computers 
Minneapolis- 


Honeywell Regulator Co., 
Brown In i 


truments Div 


Concentrators (see Sludge Concen- 
trators) 


Concrete 
Portland Cement Assn 
Concrete Pipe Products 
Americ an Concrete Pressure Pipe 
American-Marietta Co 
Gray Concrete Pipe Co., 
Industrial Materials Co 
Lock Joint Pipe Co 
National Sewer Pipe Ltd 
Portland Cement Assn 
Price Brothers Co 


Inc 


(Canada) 


Construction Equipment 
Chain Belt Co 

Eimco Corp 

Worthington Corp 
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MANUAL 


M.O.P. 7-SEWER MAINTENANCE 


complete coverage for protecting 
a $15 billion investment 


a first in the field 


64 pages 


68 references 
$1.00 to members; $1.50 to others 


® see coupon on WPCF Publications 
page in back of JOURNAL 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue 


Washington 16, D.C. 


2654 
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Controls (also see Instruments, Re- 


B-I-F In- | 


cording and Control) 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div. 

Chicago Pump Co. 

Fischer & Porter Co. 

Foxboro Co. 

General Electric Co. 

Homestead Valve & Meter Co 

Infilco Inc. 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Ohmart Corp. 

Permutit Co., Div. of Pfaudler Per- 
mutit Co. Inc. 

Rockwell Mfg. Co. 

Wallace & Tiernan Inc. 

Westinghouse Electric Corp. 

Worthington Corp. 


Penn Instru- 


Conveyors 
American Well Works 
Chain Belt Co. 
Chicago Pump Co. 
Jeffrey Mig. Co. 
Link-Belt Co. 

Stuart Corp. 

Webster Mfg., Inc 


Corrosion Protection 
Amercoat Corp. 

Chicago Pump Co. 
Corrosion Control Co., Inc. 
Inertol Co., Inc. 
Johns-Manville Sales Corp. 
Koppers Co., Inc. 
Perry-Austen Co. 

A. O. Smith Ce 
Stebbins Engr. & “Mig. Co. 
Wallace & Tiernan Inc. 


Couplings 
Link-Belt Co. 


Diffusers, Air (also see Aerators) 

Alpha Ltd. (Switzerland) 

American Well Works 

Carborundum Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Infilco Inc. 

Lakeside Engineering Corp 

Link-Belt Co. 

Pacific Flush Tank Co 

Penberthy Mfg. Co., Div 
Eclipse Corp 

Walker Process Equipment Inc 

Wemco Div., Western Machinery Co 

Zimmer & Francescon 


of Buffalo- 


Diffusers, Gas (also see Aerators) 
American Well Works 

Carborundum Co. 

Chicago Pump Co. 

Eimco Corp. 

Infilco Inc. 

Walker Process Inc 
Yeomans Brothers Co 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Gorman-Rupp Co. 

Hardinge Co., Inc. 

Infilco Inc. 

Jeffrey Mfg. Co. 

Lakeside Corp. 
Link-Belt Co. 

Pacific Flush Tank Co. 

A. O. Smith Corp. 

Smith & Loveless 

Vapor Recovery Systems Co. 
Walker Process Equipment Inc. 
Yeomans Brothers Co. 

Zimmer & Francescon 


Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 
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Ralph B. Carter Co. 
Dorr-Oliver Inc. 

Eimco Corp 

Infilco Inc 

Lakes ide Engineering Corp. 
Link-Belt Co 

Pacific Flush Tank Co. 
Smith & Loveless 

Walker Process Equipment Inc. 
Yeomans Brothers Co. 
Zimmer & Francescon 


Dryers 

Alpha Ltd. (Switzerland) 
Combustion Engineering, Inc. 
Eim orp 

Hardi Co., Inc 
Komline-Sanderson Engr. 
Link-Belt Cc 
Nichols Engr 
Stuart Corp. 


Corp. 
& Research Corp. 


Ejectors 
Engr. 
& Loveless 
Tex- nde Mig. Co 
Yeomans Brothers Co. 


Corp. 


Engineers (see Professional Services, 
elsewhere in this issue) 
Engines (Sludge Gas 
troleum 7 uels) 
Fairbanks, Morse & Co. 
Waukesha Motor Co. 
Worthington Corp 


and Pe- 


Fans (also see Air 
Blowers, and Cx 
Chicago Pump Ci 
Lakeside Engit ieering Ce 
Westinghouse Electric C oa 


Compressors, 
ym pressors ) 


Filter Equipment, Trickling 
p td. (Switzerland) 
Well Works 
Carter Co 
Dorr-Oliver Inc 
Dow Chemical Co 
Eimco Corp 
Filtration Eq uipment Corp. 
Industrial Materials Co. 
Infil n 
Keasbey & Mattison Co. 
Komline-Sanderson Engr. Corp. 
L ake ide Engineering Corp 
ichols Engr. & Research Corp. 


g Filter Floor Inst. 
alker Process Equipment Inc. 

vou mans Brothers Co. 

Zimmer & Francescon 


Filter Materials 

Carborundum Co, 

Filtration Equipment Corp. 

Glenn Chemical Co. 

Graver Water C onditioning Co. 
lustrial Materials Co 
s-Manville Sales Corp 


Filters, Diatomaceous Earth 
Graver Water Conditioning Co 
eomans Brothers Co. 


rio, Vacuum (also see Vacuum 
ilters) 

Bird Machine Co. 
Dorr-Oliver Inc 
Eimco Corp 
Proportioneers Div., B-I-F Industries 
Flocculating Equipment 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co. 

Chain Belt Co. 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co. 
Hardinge Co., Inc. 


Infilco Inc. 

Jeffrey Mig. Co. 

Lakeside Engineering Corp. 

Link-Belt Co 

Permutit Co., Div. 
mutit Inc 

Stuart Corp. 

Walker Process Equipment Inc. 

Webster Mfg., Inc 

Zimmer & Francescon 


of Pfaudler Per- 


Flotation Equipment 
Chain Belt Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Graver Water Conditioning Co. 
Komline-Sanderson Engr. Corp 
Yeomans Brothers Co 


Flow Measurement 

Burgess-Manning Co., 
ments Div 

Filtration Equipment Corp. 


Penn Instru- 


Gas Control Equipment 
Alpha Ltd. (Switzerland) 


Burgess-Manning Co., Penn Instru- 


ments Div 
Carter Co. 
1 Pump Co. 
Dorr-Oliver Inc 


ad ilve Mfg. Co. 

ifi Tank Co 
Co 

ap covery Systems Co 
Wa oly Pr cess Equipment Inc. 
Zimmer & Francescon 
Gas Diffusers (see Diffusers, Gas) 
Gas Holders, 

purtenances 
Ralph Carter Co. 
Chicago Pump Co. 
D wate iver Inc 
Eimco 
J hns nville Sales Corp. 
Walker Process Equipment Inc. 


Boilers, and Ap- 


Gaskets 
Johns-Manville Sales Corp 
Keasbey & Mattison Co. 


Gates 
Armco Drainage & Metal Products, 
Ir 

Filtration Equipment Corp. 
Industrial Materials Co. 
Snow Gates & Valves, Inc. 
Webster Mfg., Inc. 


Generators 

Fairbanks, Morse & Co. 

General Electric Co 

Westinghouse Electric Corp. 

Worthington Corp 

(also see Shredders and 
Grinders) 

Alpha Ltd. (Switzerland) 

Americ in Well Works 

Chain Belt Co. 

Dorr-Oliver Inc. 

Gruendler Crusher & Pulverizer Co. 

Jeffrey Mfg. Co 

Yeomans Brothers Co. 


Grit Collection and Condition- 
ing Equipment 

Alpha Ltd. (Switzerland) 

American Well Works 

Chain Belt Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Infilco Inc. 

Jeffrey Mfg. Co. 

Link-Belt Co. 

Stuart Corp. 

Walker Process Equipment Inc. 

Webster Mfg., Inc. 

Zimmer & Francescon 
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PROCEEDINGS OF MEMBER ASSOCIATIONS 


MICHIGAN SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The Michigan Sewage and Indus- 
trial Wastes Association held its 35th 
Annual Meeting at the Park Place 
Ilotel, Traverse City, May 23 25, 1960. 
A total of 205 members and 33 guests 


were registered, in addition to 57 
ladies. This was the largest number 
of persons ever attending an annual 


conference 

The technical conference was opened 
with a discussion of developments in 
sewage and industrial waste collection 
and treatment throughout the state 
during the past year, the present status 
of pollution control projects, and the 


progress made in operation of sewage 


BELOW GROUND © 
SELF-PRIMING 
PUMP STATION 


@ FLEXIBLE BULKHEAD 
SEALS 


@ TIME TESTED CON- 
TROLS SYSTEM 


@ POSITIVE HIGH LIFT 
SELF-PRIMING 
PUMPS 


@ LIFELONG EXTERIOR 
PROTECTION 


treatment plants was discussed by Don- 


ald M. Pierce, Chief Engineer in 
Charge of Sewerage and Sewage 
Treatment, Michigan Department of 


Health. Dr. William D. Hatfield, 
Past-President of the Federation, ex- 
tended greetings and outlined activi- 
ties of other associations and of the 
Federation during the past year. 
Loring F. Oeming, Chief Engineer, 
Michigan Water Resources Commis- 
sion, presented a paper on municipal 
sewage treatment plant construction 
under the federal grant program, com- 
menting specifically on the mechanics 
of this program as administered in 
Michigan and its influence on the 
progress of construction. Samuel D. 


(Continued on page 267a) 
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Grounds Maintenance 
ment and Supplies 
Homestead Valve Mfg. Co. 


Equip- 


Heating Equipment for Diges- | 
ters and Buildings 

Alpha Ltd. (Switzerland) 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

General Electric Co. 

Infilco Inc 

Link-Belt Co. 

Pacific Flush Tank Co. 

Walker Process Equipment Inc. 


Incinerators 

Combustion Engineering, Inc. 

Nichols Engr. & Research Corp. 

Walker Process Equipment Inc 

Zimmermann Process Div. of Sterling 
Drug Inc. 


Insect Control 
Glenn Chemical Co. 


Inspection, Sewers 
Centriline Corp. 
National Water Main Cleaning Co. 


and 
and 


Recording 
Controls 


B-I-F In- 


Instruments, 
Control (also see 
Recorders) 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div. 

Fischer & Porter Co. 

Fisher Scientific Co. 

Foxboro Co. 

General Electric Co. 

Hach Co 

Infilco 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div. 

Ohmart Corp. 

Rockwell Mfg. Co. 

Wallace & Tiernan Inc. 

Westinghouse Electric Corp. 


Penn Instru- 


lon-Exchange Equipment 

Permutit Co., Div. of Pfaudler Per- | 
mutit Inc. 

A. O. Smith Corp. 


Jointing Materials 
American Concrete 
Assn. 

Gray Concrete Pipe Co., 
Keasbey & Mattison Co. 
National Clay Pipe Mfrs 
National Sewer Pipe Ltd. 
Perry-Austen Mig. Co. 
Robinson Clay Product Co. 
Stebbins Engr. & Mfg. Co. 


Pressure Pipe 


Inc. 


Inc. 
(Canada) 


Joints, Mechanical 
American Cast Iron Pipe Co. 
Johns-Manville Sales Corp. 
National Sewer Pipe Ltd. 
Robinson Clay Product Co. 
Smith-Blair, Inc. 

U. S. Pipe & Foundry Co. 


(Canada) 


Laboratory 
Supplies 

Filtration Equipment Corp. 

Fisher Scientific Co. 

General Chemical Div., Allied Chem- 
ical Corp. 

Hach Co. 

Stuart Corp. 


Equipment and 


Lift Stations 
Davco Corp. 
Smith & Loveless 
Tex-Vit Mfg. Co. 


Yeomans Brothers Co, 
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Lighting Fixtures 
General Electric Co. 
Westinghouse Electric Corp. 


Lubricants 
Homestead Valve Mfg. Co. 
Johns-Manville Sales Corp. 


Manhole and Inlet Castings 

American-Marietta Co 

Vapor Recovery Systems Co 

Masonry Building Materials 

American-Marietta Co 

Portland Cement Assn. 

Price Brothers Co. 

Meter Boxes 

Johns-Manville Sales Corp. 

Meters (Sewage, Sludge, Water, 
Air, and Gas) 

Builders-Providence Div., B-I-F In- 
dustries 

Burgess-Manning Co., 
ments Div 

Ralph B. Carter Co 

Filtration Equipment Corp 

Foxboro Co 

Infileo Inc 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Rockwell Mfg. Co 

Roots-Connersville Blower, 
Dresser Industries Inc 

Simplex Valve and Meter Co 

Worthington Corp 


Penn Instru- 


Div. of 


Mixing Devices 

Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chain Belt Co 

Dorr- Inc. 

Eimco Corp. 

Infilco 

Jeffrey Mfg. Co 

Walker Process Equipment Inc 
Wemco Div., Western Machinery Co 
Motors 

Chicago Pump Co 

Fairbanks, Morse & Co. 
General Electric Co 

Link-Belt Co 

4. O. Smith Corp 
Westinghouse Electric Corp. 
Worthington Corp 


Odor Control Materials 
Airkem, Inc 

Tennessee Corp 

Wallace & Tiernan Inc. 


Odor Counteractants 
Airkem Inc 


Package Treatment 
Chain Belt Co 
Chicago Pump Co. 
Dorr-Oliver Inc. 

Infilco Inc 

Municipal Service Co. 
Smith & Loveless 
Yeomans Brothers Co. 


Packing 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co 


Paints and Protective Coatings 
Amercoat Corp. 

Inertol Co., Inc 

Koppers Co., Inc 

Perry-Austen Mfg. Co. 

Smith & Loveless 

Stebbins Engr. & Mfg. Co. 


Pipe, Asbestos Cement 
Industrial Materials Co. 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co. 
Pipe, Cast Iron 

American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
Industrial Materials Co. 

U. S. Pipe & Foundry Co. 

R. D. Wood Co. 


Pipe, Clay 

Industrial Materials Co. 

National Clay Pipe Mfrs., Inc 
National Sewer Pipe Ltd. (Canada) 
Robinson Clay Product Co 


Pipe Cleaning 

Centriline Corp 

Flexible Inc 

Homestead Valve Mfg Co 
National Water Main Cleaning Co 
W. H. Stewart, Inc 


Pipe Coatings and Linings 
Amercoat Corp 

American Pipe & Construction Co 
Centriline Corp 

Koppers In 

National W: ater Main Cleaning Co 
Perry-Austen Mfg. Co 

Stebbins Engr. & Mfg. Co 


Pipe, Concrete 
American Concrete 
Assn 
American-Marietta Co 
American Pipe & Construction Co 
Gray Concrete Pipe Co., Inc 
Lock Joint Pipe Co 
National Sewer Pipe Ltd 
Portland Cement Assn 
Price Brothers Co 


Pressure Pipe 


(Canada) 


Pipe, Fiber 
Sonoco Products Co 


Pipe Fittings 

American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 
Keasbey & Mattison Co 
National Pipe Ltd. 
Price Brot! 

Robin Clay 
Smith-Blair, Inc 
U. S. Pipe F 
R. D. Wood 


(Canada) 


Se 
ther 


Pr duct Co. 


undry Co 


Pipe Jointing Materials 
Jointing Materials) 


(see 


Pipe, Plastic 
Amercoat Corp 
Evanite Plastic Co. 


Pipe, Repairs 
Centriline Corp 
Smith-Blair, Inc 


Pipe, Steel 
American Pipe & Construction Co. 
Armco Drainage & Metal Products, 


& Mattison Co 


Smith Corp 


Plastic Pipe Products 
Amercoat Corp 

Evanite Plastic Co 
Keasbey & Mattison Co 


Publications 

American City Magazine 

Engineering News-Record 

Liverpool University Press (England) 
Public Works Magazine 

Wastes Engineering M wgazine 

Water & Sewage Works 

John Wiley & Sons, Inc 


Pump Controls 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div 

Chicago Pump Co 

Fischer Porter Co 

Foxbor« 

General E lectric Co 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div. 

Rockwell Mfg. Co 

Smith & Loveless 

Westinghouse Electric Corp. 

Worthington Corp 

Zimmer & Francescon 


B-I-F In- 


Penn Instru- 


| 
| 
| 
| 1 
| 
| 
“4 
| 
: 
“4 
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Me- 


discussed 


Porter, Consulting Engineer, 
Namee, Porter and Seeley, 
the design and construction of the ad- 
ditions to the City 
treatment plant. This discussion 


Traverse sewage 
was 
followed by an inspection trip of this 
plant. 

The morning session on Tuesday was 
in the nature of a symposium on sew- 
age treatment. The following subjects 
were discussed : 


‘* Digester at Niles Sew- 


by Ralph A. 


Cleaning 
Treatment Plant,”’ 
Garno, Superintendent. 

‘‘Digester Reconditioning at Kala- 
> by Leonard M. Pratt, Super- 
intendent. 

‘*Kiber Waste Effect on Digester Op- 
eration at Cheboygan Sewage Treat- 
ment Plant,’’ by Archie L. Beebe, 
Superintendent. 

‘*Sludge Filtering at East Lansing,”’ 
by Edgar Sneiders, Superintendent. 

‘Effect of One Industrial Waste on 
a Municipal Sewer,’’ Michael A. 
Groen, Superintendent, Dearborn. 


age 


mazoo, 


by 


‘Nitrification of Oxygen Demand 
Dilution Water,’’ by Harry E. Me- 
Entee, Superintendent, Mt. Clemens. 


‘Sludge Flotation 
County Airport Sewage 
Plant,”’ Harold M. 


Superintendent. 


The 


at Wayne 
Treatment 


by Leonhard, 


afternoon 


Tuesday session was 
a symposium on industrial waste 
treatment embracing the following 


discussions : 


“Spray Irrigation Waste Disposal 
at Welch Grape Juice Company, 
ton, Mich.,’’ by W. 
Plants Manager. 

‘*Industrial Waste 
Fisher Body—Willow Run Plant,’’ by 
A. M. MeCurdy, Chemical Engineer, 
Fisher Body Division, General Motors 
Corp. 

‘*Coagulants and Coagulant Aids in 
Waste Treatment,’’ by Stanley Mogel- | 


Law- 
Baker, Michi. 
gan 


Treatment at 


(Continued on page 269a) 
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We can you with your ific 
problems — , softening, removal of 


gad We have reliable tech- 
yo colts rma 
water. Let us 

Ferri-Floc. pad 


A white powder or granule (dyed 
sired) for fluoridation of potable 


& she TENNESSEE CORPORATION 


2-429 Building, Atlente 3, Georgie 


r 
FERRIC SULFATE 
: | 
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Pumps, Airlift 

Davco Corp. 

Walker Process Equipment Inc. 

Pumps, Chemical Feed 

Proportioneers Div., 

Pumps, Gas 

Roots-Connersville Blower, 
Dresser Industries Inc. 

Sutorbilt Corp. 


Pumps, Grit 

Nagle Pumps, Inc. 

Pumps, Sewage 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., 
Air Brake Co. 

Chicago Pump Co. 

Davco Corp. 

Eimco Corp. 

Fairbanks, Morse & Co. 

Gorman-Rupp Co. 

Infilco Inc. 

Marlow Pumps, 
sett Co 

Smith & Loveless 

Sutorbilt Corp. 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery 

Worthington Corp. 

Yeomans Brothers Co 

Zimmer & Francescon 

Pumps, Sludge 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., 
Air Brake Co. 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Fairbanks, Morse & Co. 

Gorman-Rupp Co. 

Hardinge Co., Inc. 

Infilco Inc. 

Komline-Sanderson Engr. Corp 

Marlow Pumps, Div. of Bell & Gos- 
sett Co. 

Nagle Pumps, 

Sutorbilt Corp. 

Wallace & Tiernan Inc. 

Wemco Div., Western Machinery Cx 

Worthington Corp. 

Yeomans Brothers Co. 

Zimmer & Francescon 


Div. of 


The New York 


Div. of Bell & Gos- 


Co 


The New 


Inc. 


Pumps, Vacuum 
Roots-Connersville Blower, 
Dresser Industries Inc. 

Sutorbilt Corp. 
Pumps, Water 
American Well Works 
Aurora Pump Div., 
Air Brake Co. 
Ralph B. Carter Co. 
Chain Belt Co 
Chicago Pump Co. 
Eimco Corp 
Fairbanks, Morse & Co. 
Gorman-Rupp Co. 
Marlow Pumps, Div. 
sett Co. 
Wallace & Tiernan Inc. 
Worthington Corp. 
Yeomans Brothers Co. 
Zimmer & Francescon 


Div. of 


The New York 


of Bell & Gos- 


Radiation Monitoring Equip- 


ment 
Westinghouse Electric Corp. 


Radios, Mobile 
General Electric Co. 


Recorders (also see Instruments, 
Recording, and Control) 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div. 

Fischer & Porter Co. 

Fisher Scientific Co. 

Foxboro Co. 

General Electric Co. 


B-I-F In- 


B-I-F Industries | 


York | 


Penn Instru- 
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Minneapolis-Honeywell Regulator Co., 


Brown Instruments Div 
Ohmart Corp 

Wallace & Tiernan Inc 
Refractory 


Building Materials 


1s-Manville Sales 
son Clay 
Stebbins Engr 


Corp 
Product Co. 
& Mig. Co 


Safety Equipment 
Vapor Recovery Systems Co 


Sampling Equipment 
Cc hicag ump 

Infile« I 
Lakeside Engineering Corp 
Sand, Gravel, and Stone 
Graver Water Conditioning Co 


Screening Equipment 
Alpha Ltd. (Switzerland) 
An Wi rks 


Cc 
( np Co 
Dorr-Oliver 

Eime 

Infil 

Jeffrey Mfg 

Link-Belt ( 

Walker Process Equipment 
Zimmer & Francescon 


Inc 


Se dime nts ition Equipment 
arifier Equipment) 
Ltd. (Switzerland) 


ioning Co 


Engr. Corp 
gineering Corp 


i ss Equipment Inc 
Webster Mfg., Inc 
Yeomans Brothers Cx 


Sewer ( leaning Equipment 


alve Mfg. Cx 
1al Water Main Cleaning Co 
Stewart, Inc 


Sewer Inspection (see 


Sewers) 


dders (also 
d Grinders) 
td. (Switzerland) 


Siphons 
pha Ltd (Switzerland) 
1 Well Works 
’ B. Carter Co 


ngineering Corp 
ish Tank Co. 
Brothers Co 


Concentrators 


Corp 

Nichol Is Engr. & Research Corp 

Sludge Flotation Equipment (see 
Flotation Equipment) 


Sludge Handling and Control 
Chain Belt Co 
Dorr-Oliver Inc 
in Corp 
Jeffrey Mi 
L ink B elt 
Nichols Engr. & Research Corp 
Walker Process Equipment Inc 


Co 
( 


Inspection, 


| 
see Comminutors | 
| 


Zimmermann Process Div. of Sterling 


Drug Inc 


Sludge Removal Equipment 

Jeffrey Mig. Co 

Link-Belt ( 

Webster Mfg., Inc 

Zimmermann Process Div 
Drug In 


of Sterling 


Sludge Shredders 

1 Ltd. (Switzerland) 
Gruendler Crusher & Pulverizer Co 
Jeffrey Mfg. Co 
Sprockets 
Chain Belt Co 
Link-Belt 


Webster Mfg., Inc 


Steel Pipe Products 
Armco Drainage & Metal 
Inc 


Structural Metal 
Alpha Ltd. (Switzerland) 


Switchgears 
td. (Switzerland) 
ctric Co 


> Electric Corp 


Products, 


Chain Belt Co. 
Link-Belt Cx 
id Co., Inc 


Stebbir & Mig. Co. 
Tools 


Flexible Inc 


Tri ansformers 
(Switzerland) 
tri ‘ 
e Elec tric Corp 

Trie kling Filter Equipment (see 

ilter Equipment, Trickling) 

Trucks and Tractors 


Eimco Corp 


Turbines 


Worthington Corp 


Vacuum Filters (also see 


acuum ) 


rd Ma 


Engr. Cor 
B-I-F trie 


neers Div., 
Valves and Gates 
Armco Drainage & Metal Product 


Buil lers-Providence Div., B-I-F In 
tries 


n Valve Mfg. Co 


Equipment Corp 
mestead Valve Mfg. Co 
ustrial Materials Co 

Ive 


Blower, Div. o 


Inc 
ilve me) Meter Co 


Snow Gate 
Westinghouse 
W-K-M Div 

R. D. Wood Co 
Yeomans Brothers Co 


Tanks) 


AC F inde tries, Inc 


Vessels (see 


Weighing Devices 

Builders-Providence Div., 
dustries 

Fairbanks, Morse & Co 

Fisher Scientific Co 

Wallace & Tiernan Inc. 


B-I-F In 
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Hardinge Co, 
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Komline-San 
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nicki, Sanitary Engineer, Dow Indus- 
trial Services, Dow Chemieal Co. 

Waste Disposal System—Muskegon 
Ordinance Plant,’’ by Clark Wheaton, 
Metallurgist in Charge of Waste 
Treatment, Continental Motors. 


At the conelusion of these discus- 
Gordon H. Stafford, Chairman 
Gadget Committee, presented 


sions, 
of the 
and discussed several gadgets and in- 
novations which had been developed 
by several of the members for compe- 
tition in a gadget contest. 
The final technical 
Wednesday morning included the fol- 
lowing papers: 


session on 


‘*Bottom Fauna Investigations Can 
Implement Waste Control,’’ by Carlos 
M. Fetterolf, Jr.. Aquatic Biologist, 
Michigan Water 
sion. 

“Theory and Practice of High-Rate 
Activated Sludge Treatment of Sew- 
and Wastes,’ by W. 


Resources Commis- 


Industrial 


age 
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Wesley Eckenfelder, Associate Profes- 
sor of Civil Engineering, Manhattan 
College, New York. 

** Experience with Contact Stabiliza- 
tion at the Birmingham Sewage Treat- 
ment Plant,’ by Russell Grinnell, 
Superintendent. 

‘Automatic Sampler for River 
Monitoring Program at Pontiae,’’ by 
Arthur E. Maass, Assistant Superin- 
tendent of that plant. 

The Bedell Award for extraordinary 
service to the Michigan Association was 
presented to Harland P. Dodge, Sani- 
tary Engineer, Francis Engineering 
Co., Saginaw, and the Hatfield Award 
for outstanding treatment plant opera- 
tion went to CC. Preston Witcher, 
Superintendent, Ann Arbor. 

At the annual business meeting the 
following officers were elected or con- 
tinued in office: 


President: Fred Galarno, Saginaw. 


(Continued on page 270a) 


specialists 


* Sewer Rods 


* Sewer and Pipe Cleaning Equipment 


* Sectional Steel Rods 
Complete Sewer Cleaning Machines 
* Braces and Guides 
* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. Consult Stewart for any prob- 
lem in the specialized field of pipe cleaning. 


W.H. STEWART, ING. 20x 767, syracse, nv 
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TECHNICAL EDITOR 


Career opportunity as technical 
editor in wastewater field. Duties 
are primarily concerned with 
well-established and authoritative 
monthly, located in the East. Must 
be trained sanitary engineer hav- 
ing first-hand familiarity with 
treatment plants. Editorial expe- 
rience desirable but not necessary. 
Editorial interest and aptitude es- 
sential. Interesting and challeng- 
ing work with growing organiza- 
tion. Send resumé containing per- 
sonal history, experience, educa- 
tional record, and salary require- 
ment to: 


Box W, JOURNAL WPCF 
4435 Wisconsin Avenue 
Washington 16, D. C. 


Personnel 
Service 


Classified ads will be accepted for “Personnei Av 
able” and “Personnel Wanted’ only Rates are $1 
per line, with minimum oj $5 Deadline for ad cop 
10th of the month preceding the issue desired Send ac 
copy to Classified Advertising Dept., Water Pollution 
Control Federation, 4435 Wisconsin Ave., Washington 


D. C. Send replies to same address 


Personnel Available 


College graduate, Ohio Water and Sewage Cer- 


tification. Eight years’ utilities experience Desires 
job in industry, public or private utility in Calif 
or Southwest. Write Box CD-3, JOURNAL WPCI 


Join and support your local 
Member Association. For the 
name and address of the secre- 
tary to be contacted see page 
234a. 


Ist Vice-President: Robert F. Killeen, 
Detroit. 

2nd Vice-President: Ralph A. Garno, 
Niles. 

Secretary-Treasurer: Donald M. Pieree, 

Lansing. 


DonaLp M. Pierce 
Secretary-Treasurer 


THE INSTITUTE OF SEWAGE 
PURIFICATION 


The Annual Conference of the In- 
stitute of Sewage Purification was held 
at Scarborough, England, June 21-24. 
1960. Attendance totaled 620. 

Among the papers presented were: 


Symposium : ‘*‘ Progress Towards the 
Solution of the Synthetie Detergents 
Problem.’’ 

An introductory paper by A. Key, 
Senior Chemical Inspector, Ministry 
of Housing and Local Government. 

“The Manufacturers’ Part in the 
Luton Experiment,’’ by G. V. V. 
Squires, Thomas Hedley & Co., New- 
castle-upon-Tyne, 

‘Behaviour of a New Synthetic De- 
tergent in Sewage-Treatment Proc- 
esses, ”’ by G. E. Eden, and G. A. 
Truesdale. 

‘‘Analytical Problems in the Luton 
Experiment, by H. L. Bolton and 
P. J. Cooper, The Laboratory of the 
Government Chemists. 

‘*Decrease in the Content of Sur- 
face-Active Material in the River 
Lee,’’ by C. Hammerton, Senior Chem 
ist, Metropolitan Water Board. 

‘Fuel Cells and Their Potentialities 
for Power Generation from Sludge Di 
gestion Gas,’’ by HH. H. Chambers, 
Director of Research, Sondes Place 
Research Institute, Dorking, Surrey. 

‘*Two-Stage Biological Sewage Treat- 
ment in Germany,’’ by H. Rohde, 
Chief Engineer, Ruhrverband, Ger- 
many. 

“An Ecological Approach to Some 
Bacteria Bed 


Problems,’’ by 


4, 
| 
| 
| 
| 
| 
ars. 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| ; 
| 
| 
| 
‘ 
OR : 


Hawkes, Biologist, Birmingham Tame 
and Rea District Drainage Board. 
‘*A Recent Bacteriological and Epi- 


s demiological Study of Sewage Con- 
tamination in British Coastal Bathing 
Waters,’’ by B. Moore, Director, Pub- 
lic Health Laboratories. 


The following officers were elected: 


President: M. A. Kershaw. 
Vice-President: Martin Lovett. 
Joint Secretary: W. F. A. Snook. 
Treasurer: L. B. Phillipps. 
W. F. A. Snook 
Joint Secretary 


PUERTO RICO WATER AND 
SEWAGE WORKS 
ASSOCIATION 


The Puerto Rico Water and Sewage 


Works Association held its Annual 


JOURNAL WPCF 


Meeting at the San Juan Intereonti- 
nental Hotel, San Juan, Puerto Rico, 
July 8, 1960. 
a get-together cocktail party followed 
by a dinner. 


The meeting consisted of 


The ladies were enter- 


tained by a demonstration of facial 
treatment. Dick Sibley, Dorr-Oliver 
Ine., discussed package treatment 
plants. 


Officers for the year 1960-61 are as 
follows : 


President: Israel Rivera-Marini, San- 
turce. 

Vice-President : Pedro Hernandez-V ega, 
Santurce. 

Secretary-Treasurer: Robert J. Auld, 

Santurcee. 


Rosert J. AuLD 
Secretary-Treasurer 


sion. 


SNOW GATES 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘ Parker- 
ized" for protection against rust and corro- 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW Gates & VALVES 


2437 East 24th Street 


for 


Los Angeles 54, Calif. 


- - 
; 
CALA 


"WPCF publications | 


Safety in Wastewater Works 


Contains information on hazards, acci- 
dent statistics, rescue methods, safe prac- 
tices, and equipment. 56 pages. $0.75 
to members; $1.50 to others. Order as 
Item MOP-1.* 


Utilization of Sewage Sludge as 
Fertilizer 


An authoritative evaluation of advan- 
tages and limitations of sludge as a soil 
conditioner. 120 pages. $0.75 to mem- 
bers; $1.25 to others. Order as Item 
MOP-2.* 


Chlorination of Sewage and In- 
dustrial Wastes 


Reviews history, development, and up-to- 
date technique of chlorine application. 90 
pages. $1.00 to members; $1.25 to others. 
Order as MOP-4.* 


Air Diffusion in Sewage Works 


History and modern practice in design, 
installation, operation, and maintenance of 
diffuser systems and appurtenances. 75 
pages. $1.00 to members; $1.25 to others. 
Order as Item MOP-5.* 


Units of Expression for Wastes 
and Waste Treatment 


Lists of recommended units for quantities 
ordinarily encountered in wastes and waste 
treatment. 8 pages. $0.25 to members; 
$0.50 to others. Order as Item MOP-6.* 


Sewer Maintenance 


A guide for maintaining a municipal or 
industrial drainage system in serviceable 
condition. 64 pages. $1.00 to members; 
$1.50 to others. Order as Item MOP-7.* 


Sewage Treatment Plant Design 
Prepared jointly by the Federation and 
ASCE. Detailed presentation of the sub- 


ject. 375 pages. $3.50 to members; $7.00 
to others. Order as Item MOP-8.* 


Design and Construction of 

Sanitary and Storm Sewers 
Prepared jointly by the Federation and 

ASCE. Detailed presentation of the sub- 


ject. 283 pages. $3.50 to members; $7.00 
to others. Order gs Item MOP-9.* 


Twenty-Year Index to Sewage 
Works Journal 


Covers Sewage Works Journal, 1928- 
1948. Author, subject, and geographic. 
144 pages. Buckram bound, $3.00. Order 
as Item Dex-20 


Ten-Year Index to Sewage and 
Industrial Wastes 


Covers Sewage and Industrial Wastes, 
1949-1958. Author, subject, and geo- 
graphic. 168 pages. Buckram, $4.00; heavy 
paper, $3.00. Order as Item Dex-10. 


Glossary—Water and Sewage 
Control Engineering 

Prepared jointly by the Federation, ASCE, 
AWWA, and APHA. 2,600 terms per- 
taining to nomenclature. 274 pages. 


$1.00. Order as Item Gl. 


Binder 


Multiple wire, 2-in. capacity, for all 
MOP’s listed except 8 and 9. $2.00. 
Order as Item Bi.* 


* Discount of 15% on orders for 12 or 
more of any one manual. 


Water Pollution Control Federation 


Item i Copies | Cost 
“MOP-2 
“MOP-4 
“MOP-5 


Enclosed is remittance for $ 


4835 Wisconsin Avenue, Washington 16, D. C. 


Item | Copies| Cost | Item 
‘MOP-7 | 
MOP-8 
aA 


Print Name _ 


City 


Zone State 


= Member Association 


If an invoice is necessary, postage will be added. Checks may be made payable to WPCF. 


; 
4 
4 
¢ 
4 
| 
| 
| 
Address 
> 


JOURNAL WPCF 


PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Alrports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Kates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA, 


ALVORD, BURDICK & HOWSON 
Engineers 


Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 


Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 


Power Generation 


Civic Opera Building Chicago 


7 


ANDERS@N-NICHOLS 
GCompany 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 


dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges. 

Hartford, Conn. Boston 14 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 

Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., INC. 

Consulting Engineers, Planners & Surveyors 

Airport, Highway & Bridge Deston; Water & Sewerage 

Municipal Engineering; Photo Mapping 
Cty Planning, Urban Renewal & Redevelopment 
Sotls Lab; Complete Survey Service 

Home Office: Rochester, Pa. Baker Bidg., P.O. Box 111 
Jackson, Miss. Charieston,W.Va. Harrisburg, Pa. 
Northview Dr. 19 Dunbar Street 2799 N. Fourth St. 
P.O. Box 9997 P.O. Box 2148 P.O. Box 790 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 166 Crystal Lake, Hlinols 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemica! Analyses 


Amherst View, Collins Bay, Kingston, 
Ontario, Canada 


BENJAMIN E. BEAVIN COMPANY 
CONSULTING ENGINEERS - SURVEYORS 
Water Supply, Sewerage, Drainage 
Soils and Geologic Engineering 
Ports, Airfields, Highways, Structures 
BElmont 5-4570 104 25th St. 
Baltimore 18, Maryland 


HOWARD K. BELL 
Consulting Engineers, Inc. 
WATER WORKS SWIMMING POOLS 
INDUSTRIAL WASTES DRAINAGE 
SEWERAGI GARBAGE DISPOSAL 
VALUATIONS RATES REPORTS 
OPERATION SUPERVISION 


553 S. LIMESTONE ST., LEXINGTON, KY. 


BENHAM 
ENGINEERING COMPANY 


Consulting Engineers 


215 N.E. 23rd Oklahoma City 
Established 1909 


Need professional help? Check these pages for the firms in your area, 
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BETZ LABORATORIES, INC. BLACK, CROW AND EIDSNESS 


2 R 


Industrial Waste ENGINEERS 
Industrial Water 
Analysis Design 
Investigations Operation 


Water, sewerage, power, hydrology, recalcination, 
waste treatment, valuation, special investigations 
and reports, laboratory services 


Gillingham & Worth Sts. Philadelphia 24, Pa. 700 S.E. Third Street Gainesville, Florida 


BLACK & VEATCH CLINTON BOGERT ENGINEERS 
Consulting Engineers Consultants 
Sewage — Gas — Water — Electricity - Industry Ciinton L. Bocert Ivan L. BoGert 
DonaLp M. DitMars ROBERT A. LINCOLN 
eports, Vesign, Supervision CHARLES A, MANGANARO WILLIAM MARTIN 
of Construction, Investigations, Water & Sewage Work ct t 
ate sewage Orks necinerators 
Valuation and Rates Drainage Flood Control 
1500 Meadow Lake Parkway Highways and Bridges 


Airfields 
Kansas City 14, Mo. 145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES BOYLE ENGINEERING 


Engineers 
Water and Sewage Works Streets 

Industrial Wastes 

Refuse Disposal Structures Surveys 


Valuations Reports—Special! Districts 
Laboratory Service 


75 West St. 1000 Farmington Ave. 331 Spurgeon Bidg. 3913 Ohio, Rm. 200 
New York 6, N.Y. West Hartford 7, Conn. Santa Ana, Calif. San Diego 4, Calif. 


Consulting Engineers 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS CHECK HERE 


WATER - SEWAGE -INOUSTRIAL WASTE Whenever You Need 
CONSULTATION - DESIGN - OPERATION 


CHEMICAL AND BACTERIOLOGICAL LABORATORIES ) ‘ 
Professional Advice 
66 MINT STREET SAN FRANCISCO 3 


FLOYD G. BROWNE AND ASSOCIATES 
CONSULTING ENGINEERS 


— Purification — Sewerage — Sewage Treatment — Power and 
Plants — Industrial Waste Treatment and Disposal 
Reports — Designs — Supervision — Operation 


125 West Church Street 


Water Supply Industrial 


Marion, Ohio 


BUCK, SEIFERT AND JOST 


ONLY $75 
Consulting Engineers 


for 12 ads, plus complimentary 
Specializing in Sewerage and Sewage Disposal, JOURNALS during vour series. A 
Water Supply and Water Purification, 
Valuations and Reports card presents your services to the 
Chemical and Biological Laboratories largest group ot prospective clients 
112 East 19th Street New York 3, N. Y. in the wastewater field. 


Take advantage of the services of these outstanding firms! 
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Burcess & NIPLE 
Consulting Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


PROFESSIONAL 
SERVICES 


BURNS & McDONNELL 
Engineers - Architects - Consultants 
P.O. Box 173 


Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street Boston 8, Mass. 


Capitol Engineering 
Corporation 
Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


JOHN A. CAROLLO 


Consulting Engineers 
Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


3308 N. Third St. 2168 Shattuck Ave. 
Phoenix, Arizona Berkeley 4, Calif. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations— Rates—-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSOER, TOWNSEND & ASSOCIATES 


Consulting Engineers 


Sewage treatment, sewers, storm drainage, flood 
control—Water supply and treatment—Highway 
and bridges—Airports—Urban renewal— Electric 
and gas transmission lines— Rate studies, surveys 
and valuations—Industrial and _ institutional 
buildings. 


360 East Grand Ave. Chicago 11, II. 


CRAWFORD, MURPHY & TILLY 


Consulting Engineers 
TRAFFIC PROBLEMS—SWIMMING POOLS—SEWERS 
SEWAGE TREATMENT—WASTES TREATMENT 
WATER WORKS—RESERVOIRS— DRAINAGE 
FLOOD CONTROL— AIRPORTS —STREETS 
HIGHWAYS—EXPRESSWAYS—SURVEYS & REPORTS 
755 South Grand West Springfield, Illinois 


Damon & Foster 


Consulting Civil Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


DOW INDUSTRIAL SERVICE 


Division of The Dow Chemical Company 
Consulting Laboratories 


Pollutional Characteristics Waste Evaluations 
Treatment Process Development 
Chemical Cleaning 


20575 Center Ridge Road 
Cleveland 16, Ohio 


JOURNAL 
Advertising Pages 
These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 
also assist the readers. 


Consult these specialists for professional assistance! 


| 


JOURNAL 


WPCF 


PROFESSIONAL 
SERVICES 


ONLY $75 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden 
tify your firm with the specialized 


wastes field and 
will afford maximum prestige! 


sewage and industrial 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 

Sewage Treatment rage and Drainag 

Water Supply and Distribution 

Airports 

Terminal Works 


Sewe Systems 
Incinerators 
Port and 


trial Buildings 


Express Highways 


Indu 


Bridges 


11 Beacon Street Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 


CONSULTING ENGINEERS 


Water Supply, Water Treatment, 


Sewerage, Sewage Treatment, 


Industrial Waste Treatment 


2130 Madison Avenue Toledo 2, Ohio 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage ; Foundations 
Industrial Waste Disposal 

Investigations ; Reports; Plans and 

Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
Jou RNAL. This 1s where potential 
clients seek professional assistance 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


Sewage, Industrial Wastes & Garbage Dis 
Traffic & Parking 


Pittsburgh, Pa. 


GANNETT FLEMING CORDDRY AND CARRPENTER, INC. 
Engineers 
Dams, Water Works, Highways, Bridg 
»praisals, Investigations & Reports 

HARRISBURG, PENNSYLVANIA 
Branch Offices 
Philadelphia, Pa. 


es & Airports, 


Daytona Beach, Fla. 


» 
GIBBS & HILL, INC. 
Consulting Engineers 
Industrial and Municipal Waste Treatment 
Water Supply and Treatment 
Electric Power and Transmission 
Transportation and Communication 


PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 


New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 


Flood Control, Drainage, Refuse Disposal 


Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Illinois 


HOWARD R. GREEN CO. 
Consulting Engineers 
Established 1913 


H. R. Green 
C. D. MuLLINEX G. R. Hotcukiss 
J. A. Sampson H. A. MILLER 
G. C. AHRENS B. W. Grirrita 
Water, Sewerage & Industrial Wastes 
Public Works & Industrial Projects 


Green Engineering Building Cedar Rapids, lowa 


Take advantage of the services 


of these outstanding firms! 
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Charles W. Greengard 


Associates 


Consulting Engineers 


Sewage 


Water Supply, 


Treatment, 


Industrial 


Sewerage, 


Drainage, 
Waste Treat- 


ment, Roads, Subdivisions, Investigations, 
Reports 


Illinois 


Designs and Supervision 


Deerfield, 


PROFESSIONAL 
SERVICES 


L. 


CONSULTING ENGINEER 


B. 


GRIFFITH 


Research, Reports and Designs on Sew- 


age and Industrial Waste Treatment. 


450 West Broad 


St. 


Falls Church, Va. 


HASKINS, SHARP & ORDELHEIDE 
CONSULTING ENGINEERS 


Water—Sewage & Industrial Wastes—Hydraulies 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


4. A. Burger 
J. W. Avery 
E. S. Ordway 


HAVENS AND EMERSON 


A 
F 
G 


Sutton 


M. Mock 
S. Palocsay 


H. Abplanalp 


S. H. Su 
Frank C. Tolles, Consultant 
Consulting Engineers 


WATER, 
WASTES, 


SEWER 
Val 
Leader Bldg. 

Cleveland 14, Ohio 


AGE, GARBAGE 


UATIONS—I 


w 
New York 7, N. Y. 


INDUSTRIAL 
sABOKATORIES 
oolworth Bld 


HAZEN AND SAWYER 
ENGINEERS 
Ricnanp Hazen W. Sawrvenr 
H. E. Hupson, Jn. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave., New York 17, N. ¥. 


ANGUS D. HENDERSON 
Consulting Engineers 


Ancus D. Henpenson 


Tuomas J. 


Water Supply and Sanitation 


330 Winthrop St., Westbury, New York 
355 Knollwood Ave., Douglaston, L. 1., New York 


HENNINGSON, DURHAM 
& RICHARDSON 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


Omaha « Colorado Springs « Phoenix « Dallas 


HORNER & SHIFRIN 


Consulting Engineers 


E. E 
Airports, 
Treatment 
Water Supply & 


BLoss 


Sewage 


Sewerz 


age & Drain: 
Industrial 
Treatment, 


Waste 
’aving, Structures, 


C. Liscuer 


age, Hydrology, 
Treatment, 


Industry Engineering Services 


1221 Locust Street Ss 


t. Louis 3, Mo. 


George E. Hubbell 
Theodore G. Bieh! 


Albert Roth 
George 8. Roth 


Homer W. Clark 
James W. Hubbell 


HUBBELL, ROTH & CLARK, Inc. 
Consulting Engineers 


Sewage and Industrial Waste Treatment 
Sewerage and Drainage Systems 


954 N. Hunter Blvd. 


Birmingham, Michigan 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 


SEWAGE AND WATER WORKS 


1679 Niagara St. 
Buffalo 7, N. Y. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


WILLIAM T. INGRAM 


Consulting Engineer 

Sanitary and Public Health Engineering 

Sewage—Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 

Offices: 
East Coast 

20 Point Crescent 
Whitestone 57, N.Y. 


West Coast 
90 Panoramic Way 
Walnut Creek, Calif. 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JOHNSON & ANDERSON, INC. 
Consulting Engineers 
Sewerage—Water Supply & Distribution—Bridge 
Highways—Municipal Engineering—Flood Con 
trol & Drainage 
2300 Dixie Hwy., Pontiac, Mich. 
FE 2-0181 

Warren Office Flint Office 
24187 Ryan Rd. 601 Metropolitan Bldg. 
Warren, Mich. Flint, Mich. 
SLocum 7-1167 CEdar 99-4102 


JONES, HENRY & WILLIAMS 
Consulting Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Ave. Toledo 6, Ohio 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


Los Angeles Salt Lake City Tacoma 


KIRKHAM, MICHAEL & ASSOCIATES 
ENGINEERS - ARCHITECTS 


Complete Municipal & Industrial Services: Inves 
Reports, Design, Supervision of Construction 
WATER SEWAGE & WASTES 
STREETS — AIRPORTS — BRIDGES & STRUCTURES 
Omaha, Neb. 50S South 19th St. 
Rapid City, S. D. 519 Kansas City St. 
Fargo, N. D. 802 Sixth Avenue North 


MORRIS KNOWLES Ine. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 


Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 
Reports, Designs, Supervision 
Of Construction and Operation 
Chemical & Biological Laboratory 


1100 South Broad St. Trenton, N. J. 


LOCKWOOD, KESSLER & BARTLETT, INC. 
CONSULTING ENGINEERS 

Water, Sewage, Industrial Wastes, Incinerators, 

Water Pollution Studies, Municipal Engineering, 
Aerial Mapping, Highways, and Bridges 


Syosset, New York - San Juan, Puerto Rico 
Bogota, Colombia 


ONLY $75 


for 12 ads, plus complimentary 
JOURNALS during your series. A 
card presents your services to the 
largest group of prospective clients 
in the wastewater field. 


Consult these specialists for professional assistance! 
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CHARLES A. MAGUIRE & ASSOCIATES 


Lozier Consultants, Inc. 


Engineers Engineers 
Sewerage, Sewage Disposal, Sewage Collection and Disposal 
Water Supply, Water Puri- Water Supply and Distribution 

Drainage, Retuse and Pipelines 
fication, Refuse Disposal 


5 14 Court Square Boston 8, Mass. 
10 Gibbs Street Rochester 4, N. Y. 1100 Turks Head Building Providence 3, R. I. 


CHAS. T. MAIN, INC. GEORGE B. MEBUS, Ine. 
Consulting Engineers Since 1893 
STUDIES « DESIGNS * CONSTRUCTION MANAGEMENT 
REPORTS © VALUATIONS Water Supply Sewage Treatment 
Water Supply and Treatment ¢ Sewerage Industrial Waste Treatment 
Sewage Disposal ¢ Industrial Waste Treatment BROAD STREET TRUST BUILDING 
BOSTON, MASSACHUSETTS ¢ CHARLOTTE, N. CAROLINA GLENSIDE, PA. 


Consulting Engineers 


METCALF & Eppy JAMES M. MONTGOMERY 
ENGINEERS Consulting Engineers, Inc. 

Soils, Foundations, Waterworks, Sewage ; Water Supply Water Purification 

Works, Drainage, Irrigation, Flood Con- Sewerage Sewage and Waste Treatment 

trol, Refuse, Industrial Wastes, Airports, Flood Control— Drainage 

Highways, Military Projects, Industrial Valuations— Rates 


and Commercial Facilities. Investigations — Design—Operation 


Statler Building, Boston 16, Massachusetts 535 EB. Walnut St. Pasadena, Calif. 


& O'BRIEN & GERE 
Consulting Engineers 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY I trial W: T 
INCINERATION—DRAINAGE ndustria aste lreatment 
Industrial and Municipal Water Supply 

Sewerage and Sewage Treatment 
327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 400 East Genesee St. Syracuse 2, New York 


PARSONS, BRINCKERHOFF, PIATT & DAVIS 
QUADE G DOUGLAS AND ASSOCIATES 
Civil and Sanitary Engineers P. D. DAVIS W. M. PIATT, III 


Water, Sewage, Drainage and Cc. lting, Designing, and Supervising Engineers 
Industrial Waste Problems. 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


Structural —- Power — Transportation 


165 Broadway New York 6, N.Y. 


MALCOLM PIRNIE ENGINEERS LEE T. PURCELL 


Malcolm Pirnie Carl A. Arenander 


Ernest W. Whitlock Malcolm Pirnie, Jr. Consulting Engineer 
Robert D. Mitchell Alfred C. Leonard Water Supply & Purification; Sewerage & Sew- 
MUNICIPAL AND INDUSTRIAL age Disposal; Industrial Wastes; Investigations 
Water Supply Water Treatment «& Reports ; Design ; Supervision of 
Sewage and Waste Treatment Construction & Operation 
Drainage - Rates - Refuse Disposal Analytical Laboratories 
25 West 43rd Street 3013 Horatio Street " 
New York 36, N.Y Tampa 9, Florida 36 De Grasse St. Paterson 1, N. J, 


It pays to secure competent and experienced professional advice! 
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RADER AND ASSOCIATES 
Engineers and Architects 
Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations, 
Plans, Specifications and Supervision of 
Construction Wor 


The First National Bank Building, 
Miami 32, Florida 


REAVES & GREGORY 
Consulting Engineers 


C. ReAveEs 
Pau. D. Grecory 


3332 West Seventh Fort Worth 7, Texas 


REYNOLDS, SMITH AND HILLS 


ENGINEERING DIVISIon 
Planning + Reports 


Design + Supervision 


BOX 4817 - JACKSONVILLE 1, FLORIDA 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification 
Sewage Treatment Plant Supervision 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyse 
369 E. 149th St. New York 55, N.Y. 
MOtt Haven 5-2424 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 


V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 

Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


2747 Zuni Street Denver 11, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louis 2, Mo. 


Municipal Airport 
Daytona Beach, Fla, 


TRUMAN SCHLUP 
CONSULTING ENGINEER 


Highways, Structures, Water, Sewerage 
Reports, Design 


Investigations, Supervision of Construction 


1401 Fairfax Traflicway Kansas City, Kans. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design - Supervision of 
Construction - Appraisals 

Water - Sewage - Streets - Expressway 
Bridges - Foundations ts - Floc 
Drainage - Aerial Survey te Plannin 
Subdivisions -Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 


J. E. SIRRINE COMPANY 
Engineers 


C/ Since 1902 
GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 


Water Supply and Treatment 


Sewage and Industrial Waste Treatment 
Stream Pollution Survey 


Chemical and Bacteriological Analyses 


SMITH and GILLESPIE 


Consulting Engineers 


All types 
Municipal Put 
Util 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


John R. Snell 


Inc. 221 N. Cedar ® Lansing, Mich. ® !Vanhoe 4-9493 


Water Purification ® Water Sus ® Sewerage Systems ® 
Sewage Treatment ® Refuse Colle n® Composting ® Incin 
eration ® Urban Planning ® Industrial Waste ® Bridges and 
Streets ® Soils and Foundations ® Research and Development 


It pays to secure competent 


and experienced professional advice! 
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STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 


208 S. LaSalle Street 
Muscatine, lowa 


Chicago 4, Illinois 


Hanna Building 
Cleveland 15, Ohio 


PROFESSIONAL 
SERVICES 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges— Highway Industrial Buildings 
Studie Survey Reports 


245 N. High St. Columbus 15, Ohlo 


TIGHE & BOND 


CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
Tel. JEfferson 3-3991 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 


WALLACE & HOLLAND 


Consulting Engineers 
Civil — Sanitary — Structural 


401 N. Federal Mason City, lowa 


J. STEPHEN WATKINS 


J. S. WatTKins G. R. WaTKINS 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures 


446 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


LEONARD S. WEGMAN CO. 


Consulting Engineers 


Water, Sewerage and Drainage Works 
Incinerators 
Sanitary, Industrial Wastes —Treatment, Recovery 
Erosion, Flood and Waterfront Works 
Reports — Design — Supervision 


235 East 45th St. New York 17, N. Y. 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Water—Sewage 
Surveys—Research— Development— Process 
Engineering — Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


WILSON & COMPANY 
ENGINEERS & ARCHITECTS 
Investigations — Planning — Design 

Water, Sewerage, Streets, Highways, Bridges, 
Electrical, Airfields, Drainage, Dams, 
Treatment Plants, Industrial Installations 
Chemical Testing Lab — Aerial Mapping 
Electronic Computer Services, Reproductions 
631 East Crawford - - Salina, Kansas 
2930 Geo. Washington Ave., Wichita, Kansas 


Consult these specialists for 


professional assistance! 
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INDEX TO ADVERTISERS 
(See pages 262a, 264a, 266a, and 268a for full listing of products.) 


Armco Drainage and Metal Products, Incorporated 
Aurora Pump Division, The New York Air Brake Company 
B-I-F Industries, Incorporated 

Cast Iron Pipe Research Associatior 

Chain Belt Company 

Chicago Pump Company 

Combustion Engineering (Raymond Divisior 

Davco Corporation 

Dorr-Oliver Incorporated 

Eimco Corporation 

Fischer and Porter Company 

Flexible Incorporated 

Hardinge Company, Incorpor 

Infilco Incorporated 

Keasbey and Mattison Company 

Lakeside Engineering Corporation 

Lock Joint Pipe Company 

Marlow Pumps (Division of Bel 

National Clay Pipe Manufacturers 

Nichols Engineering and Research Corpor 

Pacific Flush Tank Company 

Piaudler Permutit Incorporated 

Simplex Valve and Meter Company (Division « ull Permutit Incorporated) 
Smith and Loveless (Division Union Tank ¢ 
Snow Gates and Valves 

Stewart, W. H., Incorporated 

Tennessee Corporation 

Trickling Filter Floor Institute 


Vapor Recovery Systems Compan; 


Walker Process Equipment Incorporated Facing Third Co 


Wallace and Tiernan Incorporat 


PROFESSIONAL SERVICES, 273a-281a 


Albright & Friel, Inc Fromherz Engineers Metcalf & Eddy 

Alvord, Burdick & Howson Gannett Fleming Corddry & Car- Montgomery, James M 

Anderson-Nichols & Cy enter, Inc Nussbaumer, Clarke & Velzy. Ini 

Baffa, John J bbs | } O’Brien & Gere ~ 

Baker, Michael, Jr., Inc Parsons, Brinckerhoff, Quade & 

Baxter and Woodman Dousies 

Beak, Thomas W Piatt & D of Ass = 

Beavin, Benjamin E., C reengard Assi ge! 
4 Pirnie, Malcolm, Engineers 

Bell, Howard K riff 

j Purcell, Lee T 

Benham Engineering Co skins hart lheide 

Betz Laboratories, Inc Rader and Associates 

Black, Crow and Ejidsness Inx azen and Sawy Reaves & Gregory : 

Black & Veatch nder gu Reynolds, Smith and Hills 

Bogert, Clinton, Engineers Henningson, Durham & Richard Riddick, Thomas M., & Associate 

Bowe, Albertson & Associate on, Inc Ripple and Howe, In¢ : 

Boyle Engineering orner & Shifrin Robert and Company Associates 

Brown and Caldwell ibb Roth & Clark, Inc 

Browne, Floyd G., and Associate ( In 7 

Buck, Seifert and Jost ngrar illiam Servis, Van Doren & Hazard 

Burgess & Niple nn Sirrine, J. E., Co 

Burns & McDonnell ohnson & Anderson, Inc Smith and Gillespie 

Camp, Dresser and Mc Kee Jones, Henry & Williams Snell, John R., Engineers, Inc. 

Capitol Engineering Corp cennedy Engineers Stanley Engineering Co. 

Carollo, John A rkham, Michael & Associates Stilson, Alden E., & Associates 

Chester Engineers, The Knowles, Morris, Inc Tighe & Bond 

Consoer, Townsend & Associate oebig and Koebig Wallace & Holl 

Crawford, Murphy & Tilly anning Sanitary Engineering Co., Watkins, ] 

Damon & Foster Inc Wegman 

Dow Industrial Service ocky | ssler & Bartlett, In¢ 

Fay, Spofford & Thorndike, I ozier Consu s, In 

Finkbeiner, Pettis & Strout guir harles , & Associates Whitman & 

Fridy, Gauker, Truscott & Fridy ain as ’ Whitman, Requardt & Associate 
Inc. Mebus, George Wilson & Company 


PATRONIZE OUR ADVERTISERS—whose support makes possible the publication 


of this journal. [When writing advertisers be sure to mention JOURNAL of the WATER 
POLLUTION CONTROL FEDERATION. 
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¢ TREATMENT PLANT 
DESIGN 


¢ SEWER DESIGN AND 
CONSTRUCTION 


COMPANION VOLUMES 


IN THE 


FEDERATION 


MANUAL 
SERIES 


(Produced Jointly 
with ASCE) 


Each manual is offered to members at 


$3.50, and to others at $7.00. 


the addition of these authoritative volumes. 


2858 


“Sewage Treatment Plant 
Design,” 374 pages of the 
latest information for those 
interested in plant design. 


(WPCF MOP 8). 


“Design and Construction of 
Sanitary and Storm Sewers,” the 
widely used sewer manual con- 
taining 283 pages of comprehensive 
information, including more than 100 


illustrations. (WPCF MOP 9). 


Bring your reference library up to date with 


details and convenient order coupon. 


See Publications Page in this issue for other 


4435 Wisconsin Avenue 


WATER POLLUTION CONTROL FEDERATION 
Washington 16, D. C. 
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LAS) CRUCES N. M—8000 gpm GAS 
LIFTER in 50° dio. digester with fixed 
cover. A. Smith, Supt. Gordon Herken 
hoff & Assoc, Albuquerque, Cons Engrs 


ROCKFORD, ILl.—Three GASLIFTERS in GREENSBORO, N.C.—GASLIFTER in ex 
existing digesters. Henry Riedesel, Mgr sting 75° dia. digester with floating 
Son. Dist. Greeley and Hansen, Chicogo, cover. Dan Holder, Supt. City of Greens 
Cons. Engrs. boro, Engrs. 


DIGESTER 
CIRCULATOR - MIX 


GASLIFTER is a trademark of 
Walker Process Equipment Inc. 


GASLIFTERS incorporate the 
patent right of Joseph Cunetta 


NO INACTIVE ZONES—permits utilization of entire digester capacity allowing higher loading rate. 
IMPROVES OPERATION—circulates and mixes digester contents and insures uniform distribution of 
raw and seeded sludge. 

CONTROLS START-UP—avoids start-up troubles by completely homogenizing contents; induces rapid 
gasification and volatile acids remain low 

ELIMINATES SCUM BLANKET AND GRIT SHOALS—circulation velocity at roof, sides and floor dis- 
perses grease blanket and bottom shoals 

EASY INSPECTION—exclusive locking chamber permits individual inspection and servicing of GASLIFTER 
sparging units without dangerous gas loss or digester shutdown. Eductor Tube, Gas-Lift principle avoids 
mechanical troubles from rag and “sewage string” fouling. 

SACRAMENTO COUNTY, CALIF. (San. Dist SALT LAKE COUNTY, UTAH—(Suburban AURORA, ILL.—10,000 gpm GASLIFTER in 
#3) GASLIFTER in 70° dia digester with Son. Dist.)—12,000 gpm GASLIFTER in 60 existing 50’ sq digester. Williard P 
fined concrete cover. Mr. Norman Farnum dia. digester Emil Meyers, Supt. Cald Pfeiffer, Supt E. Deuchler, Assoc 
Supt. Dewante & Stowell, Sacramento well, Richords & Sorensen, Inc, Salt ! Avro 


Inc ora, Cons. Engrs 
Cons. Engrs. Lake City, Cons. Engrs. : 


WALKER PROCESS EQUIPMENT IN 
ACTORY ENGINEERING OFFICES LABORATOS 
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RELIABILITY... FLEXIBILITY... 


ocK JOINT CONCRETE ROLLER SUSPENSION 


LOCK JOINT 


RUBBER and CONCRETE JOINT 


RUBBER GASKET MFERENTIAL 
REINFORCEMENT 


LONG! TUDINAL 
REINFORCEMENT 


Kenilworth, N. J 
Hartford, Conn 
New Haven, Conn 
Buffalo, N. Y 
Rochester, N.Y 
Edgewater, Fla 
Miami, Fla 

W. Palm Beach, Fla 


wart 
THICKNESS 


NOMINAL PIPE 
OlAMETER 


AND CULVERT PIPE PLANTS 


Beloit, Wis 

Chicago, 

Rock Island, Ill 
Valley Park, Mo 

N. Kansas City, Kans 
Tulsa, Okla 
Oklahoma City, Okla 
Wichita, Kans 


Denver, Colo 
Cheyenne, Wyo 
Casper, Wyo 
Tucumcari, N. Mex 
Hato Rey, Puerto Rico 
Carolina, Puerto Rico 
Ponce, Puerta Rico 
Caracas, Venezuela 


Long life is built into every section of Lock Joint Roller 
Suspension Sewer and Culvert Pipe through a manu- 
facturing process which produces concrete walls of 
unusual strength and density. 

The non-corrosive, non-tuberculant inner surface of 
the pipe is remarkably resistant to abrasion and as- 
sures continued high flow characteristics and trouble- 


Iree service, 


Lock Joint’s 


this type of pipe and in some designs of conventionally 


ftubber and Concrete Joint, available in 


cast pipe, gives maximum protection against infiltra- 
tion while affording ample flexibility to accommodate 
deflections due to ground settlement and expansion of 
contraction due to temperature changes, 


For economy in jointing, Roller Suspension Pipe is 
produced in standard S’ lengths and is available in 
diameters from 12” to 72”. Lock Joint Pipe Company 
also produces machine made and cast pipe ranging in 
diameter from 6” to 120” or even larger if required. All 
Lock Joint sewer and culvert pipe may be designed to 
comply with A.S.T.M., State Highway or individual 


specifications, 


LOCK JOINT PIPE Co. 


East Orange, New Jersey 


Pressure + Water » Sewer » REINFORCED CONCRETE PIPE « Culvert + Subaqueous 


_ 
DURABILITY. 
PIPE with the UBBE ana 
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| Wet COMPOUND-LOOP CONTROL 


Compound-loop Control by Wallace & Tiernan maintains chlorine 
residuals automatically—provides utmost flexibility in arrangement and 
process control, 

Chlorinator feed rate is adjusted by two signals: one from water 
flow. the other from continuous, automatic residual analysis. Since feed 
rate is the product of these signals, Compound-loop Control gives you a 
range of greater than 100:1. No matter how much flow or demand 
changes. your system always maintains the selected residual. 

Regardless of the size, type. or physical layout of your system, 
Compound-loop Control adapts readily. Electric, pneumatic, or 
variable vacuum control signals can be used. And you can in- 
stall Compound-loop Control as a package or convert to it, 


component by component, as your system expands, 


For more information, write Dept. S-145.84 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9,NEW JERSEY 
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